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and  these,  be  it  remembered,  are  not  light  duties,  for  they  are  not 
merely  those  which  you  see  here  performed,  but  there  are  other 
a,rduous  ones  connected  with  the  management  of  the  Society ;  so 
that  I  ask  you  to  go  with  me  in  proposing  a  hearty  vote  of  thanks 
to  the  late  President,  Lieut.-Col.ChampaiQ,  for theefficient  manner 
in  which  he  has  fulfilled  his  duties  during  the  past  year, 

Sir  Charles  Bkight,  in  seconding  the  propositioa  wished  to 
remind  the  Members  that,  although  the  retiring  President  was  an 
officer  of  the  Royal  Engineers,  he  was  almost,  if  not  quite  as  much 
a  Telegraph  Engineer  as  any  of  the  professional  men  among  the 
Members,  seeing  that  he  had  been  engaged  in  carrying  out  tele- 
graph woriis  for  perhaps  twenty  years.  It  was  his  fortune  to  be 
connected  with  the  construction  of  the  first  line  of  telegraphs  to 
India,  as  also  with  various  other  lines  in  Asia  and  Europe.  These 
remarlis  would  show  that  although  the  gallant  President  was  worthy 
the  honours  shown  to  him  by  Sir  Robert  Napier  for  military  deeds, 
he  was  also  deserving  to  be  recognised  as  a  thoroughly  practical 
Telegraph  Engineer,  and  as  such  had  well  filled  the  Chair  for  the 
past  year,  for  which  the  Society  would  tender  him  their  warmest 
thanks. 

Lieut-Colonel  Batem AN-C ff \mpain,  R.E.  :  Gentlemen, — I 
wish  I  could  feel  that  I  deserve  one  quarter  of  what  Professor  Abel 
and  Sir  Charles  Bright  have  stated  about  me.  All  that  I  cau  say 
is,  that  I  repeatedly  felt  that  the  post  was  very  much  above  me,  and 
I  retire  feeling  quite  sure  that  the  chair  will  be  ably  filled  during  J 
the  coming  year  by  Mr.  Preece. 
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INAUGURAL  ADDRESS. 
By  Mr.  WiLLiAM  Henry  Preece  {Pr 
JamtaTy,  28,   1880. 

On  surveying  the  wide  sea  upon  which  the  numerous  and  varied 
practical  applications  of  Electricity  are  launched  for  the  subject  of 
this  evening's  address,  I  have  been  puzzled  to  steer  a  course  that 
shall  avoid  the  dazzling  shoals  of  theory  on  the  one  hand,  and  the 
dry  hard  rocks  of  practice  on  the  other.  Hypothesis  is  a  veritable 
Scylla  that  captivates  the  imagination  and  often  sends  the  viflionary 
to  destruction,  while  practice  alone  is  a  hard-hearted  Charybdis 
that  lures  the  matter-of-fact  practical  man  to  folly  and  exponee. 
Practice  must  be  tempered  with  theory  to  utilize  advantageously 
the  great  forces  of  nature,  and  theory  itself  must  be  based  on 
practice,  or  on  facts,  to  be  comprehensive  and  acceptable.  Hence 
success  is  the  offspring  of  the  marriage  .of  practice  and  theoiy, 
and,  therefore,  as  the  two  are  so  intimately  connected,  I  have 
determined  to  steer  a  middle  course  to-night  to  survey  the  progress 
'jf  each  in  our  profession,  and  to  show  their  mutual  relationship. 

What  is  theory  ]  It  is  an  explanation  of  the  hidden  cause  of 
certain  effects  that  are  evident  to  the  senses.  It  is  an  effort  of 
the  imagination  to  account  for  operations  that  are  in  themselves 
invisible  and  insensible,  but  which  result  in  facts  that  are  observ- 
able and  known.     Thus  the  movements  of  all  those  bright  bodies 

by  which 

"  the  floor  of  heaven 
Is  thick  inlaid  with  patinea  of  bright  gold," 
are  explained  by  the  theory  of  gravity.  Their  appearance, 
varies,  and  beauties  are  accounted  for  by  the  undulatory  theory 
of  light.  The  warmth  that  the  monarch  of  them  all  shed  upon 
tLis  earth  countless  ages  ago,  and  that  is  now  restored  to  us  in  our 
household  fires,  is  explicable  on  the  molecular  theory  of  heat. 
ITiB  constitution  of  matter  and  its  ■various  states  of  solid,  liquid, 
and  gas,  are  completely  explained  by  the  atomic  theory  of 
Democritus  and  Dalton,  and  the  modern  kinetic  theory  of  gases. 

It  ifi  impossible  for  a  practical  man  who  has  devoted  more  tto.ii. 
a  (juarter  of  a  century  to  the  application  of  electricity  to  xrae^ 
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purpose,  to  avoid  devoting  much  contemplation  to  the  nature  of  the 
agent  which  be  has  to  make  use  of.  The  imagination  cannot  be 
checked.  The  mind  will  dream  and  theorise.  The  untutored 
savage  fancies  he  hears  in  the  roar  of  the  thunder  the  anger  of  the 
Great  Spirit,  and  the  tutored  Greek  saw  in  the  daily  cnnrae  of  the 
sun  the  chariot  wheels  of  his  god  Helios,  and  in  the  grey  dawn  of 
the  morning  the  advent  of  the  soft  and  gentle  Aurora.  The  Saxon 
churl  saw  in  the  lambent  flame  of  the  phospburetted  hydrogen  of  his 
marshes  the  gambolings  of  Jack  o'  Lantern,  or  the  treacherous  ways 
of  Will  o'  the  Wiap.  Is  there  a  member  of  this  society  who  has  not 
striven  to  peer  into  the  region  of  the  unknown,  who  has  not  specu- 
lated on  the  power  he  uses,  or  who  has  not  formed  some  conception 
in  hie  mind  of  the  nature  of  electricity  t  Yet  it  is  remarkable  that 
the  answer  to  the  question.  What  is  electricity  1  cannot  even  now 
be  given  with  authority.  Faraday,  our  great  apostle,  whoso 
researches  should  be  every  Electrician's  bible,  declined  to  venture 
an  answer,  nor  did  he  ever  directly  formulate  his  ideas  on  the  sub. 
ject,  though  his  publications  indicate  pretty  clearly  and  with  no 
uncertain  sound  what  they  were.  Clerk- Maxwell,  who,  while  he 
overthrew  all  existing  theories,  failed  (o  supply  their  place  before 
he  was  so  imtimely  removed  from  ms.  Sir  William  Thomson,  in 
bis  published  papers,  always  carefully  eschews  the  consideration  of 
any  physical  theory  of  electricity.  The  French  Electricians  simply 
use  the  one-fluid  theory  as  a  convenience  of  language,  while  the 
Germans,  as  a  rule,  employ  the  two-fluid  theory  merely  for 
mathematical  purposes.  Hence  there  is  no  recognised  theory  of 
electricity.  Some  maintain,  with  Du  Fay  or  with  Franklin,  tb;i.t 
it  is  a  form  of  matter— a  substance ;  others,  following  Faraday  and 
Grove,  consider  it  a  form  of  force — a  motion — like  beat  and  light. 
It  must  be  eiiher  one  or  the  other.  There  is  no  other  category  in 
which  to  class  it.  If  it  is  not  a.  form  of  matter  it  must  be  a  form 
of  force.  The  question  I  purpose  to  discuss  is,  therefore,  Is  elec- 
tricity a  form  of  matter,  or  is  it  a  form  of  force  1 

In  discussing  such  a  vexed  question  it  is  necessary  to  be  very 
precise  in  language  to  avoid  any  misconception  of  my  meaniiij, 
therefore  I  will  detine  both  matter  and  force  in  tlie  sense  in  whi'  ii 
I  use  those  terms.     Matter  is  that  which  can  be  pfrceive"!  I'V 
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\,  or  can  be  acted  upon  by  force.  It  is  characterised  by 
eight,  inertia,  and  elasticity.  Force  is  tbat  which  produces,  or 
inds  to  produce,  the  motion  of  matter.  It  may  be  preesure, 
msion,  attraction,  repulsion,  or  any  thing  capable  of  causing 
Iteration  in  the  natural  state  of  rest  or  of  existing  motion  of 
latter. 

Matter  consists  of  aixty-four  known  elements  which  have  not 
Bt  been  decomposed  by  any  known  means.     There  may  be  other 
lements  that  have  not  yet  been  discovered  by  chemists,  but  they 
mst  exist  in  some  known  compound.     Matter  is  found  in  either 
be  solid,  liquid,  gaseous,  or  ultra.gaaeous  state,  and  it  occupies 
^ce.     It   consists   of  atoms  and  molecules.      The  atom  is  the 
mallest  indivisible  part  of  an  element,  and  a  group  of  atoms  of 
he   same   or   of  different   elements  forms  the   molecule,  which 
IS  a  definite  magnitude  and  is  unalterable  in  form  for  each  snb* 
ance.     The  mass  of  a  substance  is  the  aggregate  of  the  mole- 
iles  of  which  it  is  composed.     There  is  no   generation  or  destruc. 
jioD  of  atoms.      The  indeBtructibility  of  matter  is  a  fixed  law  in 
lalure.     The  size  of  the  molecule  is  approximately  known.     Sir 
IPilliani  Thomson  says: — "If  we   conceive  a  sphere  of  water  as 
urge  as  a  pea  to  be  magnified  to  the  size  of  the  earth,  each  mole- 
eule  being  magnified  to  the  same  extent,  the  magnified  structure 
would  be  coarser- grained  than  a  heap  of  small  lead  shot,  but  less 
coarse-grained  than  a  heap  of  cricket  balls."     Fifty  million  mole- 
cules ranged  in  single  file  would  occupy  an  inch.      They  are  highly 
elastic,   and  unless   interfered   with   would  move  with  constant 
velocity  in  straight  lines.     "When  they   can   move  about  freely 
without   interfering  with  each  other's  proceedings,  we  have  the 
ultra-gaseous  state  of  Crookes,  a  state  found  only  in  very  high 
vacua    and  under    certain   adventitious    circumstances.      When 
ley  collide  and  impinge  on  each   other   according  to   the   law 
the  impact   of  elaslic   bodies,    interfering    with   each  other's 
ith,  we  have  gases  as  we  know  them ;  when  their  mean  free  path 
so  reduced  as  to  bring  them  within  the  sphere  of  mutual  attrac- 
without  too  narrowly  restricting  their  play,  we  have  liquids ; 
Len  the   attraction  becomes   cohesion  and   the   motion    of  the 
>1ecul6  is  confined  to  its  own  sphere,  we    havB  soUds,     T!\yi 
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number  of  molecules  in  a  given  volume  of  gas  is  known,  and  their 
velocity  calculated.  In  hydrogen  the  velocity  at  0"  Cent,  is  6,097 
feet  per  second,  the  number  being  10^  per  cubic  inch.  The  mean 
free  path  of  a  molecule  in  air  at  ordinary  pressures  is  the  ten- 
thousandth  part  of  a  millimetre.  Besides  their  constant  motion 
in  straight  lines  the  molecules  may  be  set  in  vibration,  rotation, 
or  any  other  kind  of  relative  motion  whatever. 

This  is  the  atomic  theory  of  matter  bom  in  the  brain  of 
Democritus  "  the  laughing  philosopher  "  2,300  years  ago  ;  preached 
by  Epicurus  ia  Athens,  and  taught  by  Lucretius  in  Kome  before 
the  Christian  era  ;  lying  dormant  for  eighteen  centuries,  until  it 
was  formulated  by  Dalton  in  the  last  century,  and  removed  from 
the  region  of  pure  speculation  by  Joule,  Clauaius,  Clerk-Maxwell, 
and  Crookes  during  our  days. 

The  definition  of  force  shows  us  that  whatever  changes  or 
tends  to  change  the  motion  of  noatter  (or  of  the  molecules  of  which 
it  is  composed),  by  altering  either  its  direction  or  its  magnitude, 
is  a  form  of  force.  Thus  gravity  is  a  form  of  force,  for  it  attracts 
all  matter  to  the  centre  of  the  earth,  and  it  is  measured  by  the  rate 
per  second  at  which  a  body  acquires  a  velocity  in  this  direction 
when  falling  freely  at  a  given  spot.  Heat  is  a  form  of  force,  for 
it  throws  the  molecules  of  matter  into  violent  vibration,  or  it 
increases  the  velocity  of  their  motion  in  straight  lines,  which 
thus  becomes  the  measure  of  its  heat  or  its  temperature.  Light 
ia  a  form  of  force,  for  it  ia  produced  by  the  undulation  of  the 
molecules  of  matter,  and  it  is  transmitted  by  the  undulations 
of  that  medium  called  Ether,  which  fills  all  space. 

No  man  has  seen  or  can  see  a  molecule,  nor  have  we  any 
objective  idea  of  what  force  really  is.  When  we  attempt  to  reach 
beyond  these  definitions,  we  tread  upon  the  threshold  of  the  holy 
of  holies,  on  whose  confines  only  are  we  permitted  to  dwell,  and 
into  which  we  are  not  yet  allowed  to  enter.  "  Hitherto  shalt  thou 
come  but  no  further,  and  here  shall  thy  proud  waves  be  s1 
Let  us,  therefore,  be  content  with  precise  definitions  and  clear  mental 
conceptions,  speculative  though  they  be,  of  matter  inert  and  o£, 
matter  in  motion.  The  ulti/ma  thule  of  the  scientific  man  is  theory,; 
and  at  any  time  his  most  cherished  notions  may  be 
'' Melted  inhi  aJr,  iato  thin  aii." 
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Tie  scientific  man,  while  rather  too  fond  of  decrying  the  exercise 
of  faith  in  others,  is  himself  the  humblest  slave  of  the  imagination, 
A  physical  theory  may  be  complete.     The  various  facts  and  laws 

Fich  it  embraces  may  be  related  mathematically  with  one  aoother, 
t  one  single  incompatible  phenomenon  may  dissolve  it, 
"And,  like  this  Insubstantial  pageant  faded, 
I/Gave  not  a  rack  behind." 
Hence,  while  apparently  dogmatic  in  my  description  of  the 
present  theory  of  matter  and  force,  I  wish  it  distinctly  to  be  under- 
stood that  it  rests,  and  must  continue  to  rest,  on  the  imaginative 
power  of  the  mind. 

Nevertheless,   subjective   speculation    may   become   objective 

ility.     Who  is  there  that  doubts  the  existence   of  the  ether 

y  all  space,  transmitting  those  exquisite  and  delicate  vibrations 

^hich  impart  to  us  the  sensation  of  light  and  heat  from  stars  and 

HebulEe  countless  millions  of  miles  away  ?     And  with  regard  to  the 

tomic  structure  of  matter,  though  but  a  speculation  as  yet,  it  is 

mplete,  so  apt,  and  so  thorough,  that  for  my  part,  I  have  not 

Hie  slightest  doubt  of  its  reality,  and  therefore  I  submit  it  with 

tarent  dogmatism. 

When  we  take  a  given  free  mass  and  impress  upon  it  a  given 
ree,  we  throw  that  mass  into  motion ;  for  instance,  when  we  Ere 
y  loaded  cannon,  we  have  imparted  to  the  ball  "  energy,"  and  in 
rtue  of  the  motion  of  the  ball,  this  energy  is  called  "kinetic." 
iigain,  if  we  lift  the  ball  to  a  certain  height  above  the  earth's 
ice — say  to  the  top  of  a  tower — and  let  it  remain  there,  we 
imparted  to  it  "energy,"  but  this  time  it  is  called 
"potential,"  for  it  is  dormant  or  resting.  In  each  case  the  enei^ 
possessed  by  the  ball  is  the  exact  erLuivalent  of  the  work  done  upon 
it,  that  is,  of  the  force  impressed  and  the  distance  through  which 
it  has  acted.  The  motion  of  the  ball  is  readily  transferred  to  the 
motion  of  the  individual  molecules  of  the  ball.  When,  in  the  first 
i  adduced,  the  ball  strikes  the  side  of  a  ship  or  a  tai^et,  its 
inetic  energy  is  thus  converted  into  light  and  heat,  which  is  mole. 
liar  motion  ;  or,  in  the  second  case,  when  it  is  allowed  to  fall,  its 
bitential  energy  is  converted  into  kinetic  energy,  which  again,  on 
bming  in  contact  with  the  ground,  is  converted  into  TtwA.ecv)\!M 
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motion  or  heat.  Energy  is  always  either  potential  or  kinetic,  and 
one  of  the  most  remarkable  generalizations  of  modern  days  is  the 
grand  principle  of  the  conservation  of  energy,  which  implies  that 
the  total  energy  of  the  universe  is  a  quantity  which  can  neither 
be  increased  nor  diminished,  though  it  may  be  transformed  into 
any  of  the  forms  of  which  energy  is  susceptible.  Energy  is  there- 
fore as  indestructible  as  matter.  All  the  recent  advances  in  the 
science  of  heat  have  been  due  to  the  discovery  of  this  principle, 
and  its  application  to  electricity  ha^  gone  far  to  remove  that 
Bclence  from  the  hypothetical  state  in  which  it  has  existed  bo 
long. 

My  purpose  is  to  contend  that  electricity  is  not  a  form  of  matter 
but  a  form  of  force,  and  that  all  its  effects  are  evident  to  us  in  one 
or  other  of  the  several  forme  of  energy  characterised  by  the  motiona 
of  molecules  or  of  mass. 

It  is  interesting  to  trace  the  historical  growth  of  theories.  The 
uncultivated  human  intellect  cannot  soar  above  its  own  limited 
sphere  of  childish  observation.  Whatever  is  mysterious  and  in- 
comprehensible in  nature  is  attributed  to  that  which  is  equally 
mysterious  and  incomprehensible.  Life  has  ever  been  of  Uiis 
character,  and  beat,  magnetism,  electricity,  and  many  other  unac- 
countable physical  phenomena,  have  each  iu  their  turn  been  supposed 
to  be  cases  of  life.  Even  now  there  are  those  who  would  attribute 
exceptional  and  peculiar  phenomena  to  spiritual  agencies. 

Heat  was  thought  by  the  Greeks  to  be  an  animal  that  bit.  It 
was  then  for  many  centuries  thought  to  be  a  fluid  which,  entering 
into  bodies,  like  mercury,  made  them  swell,  and  this  idea  existed 
until  this  generation,  when  Bumford  showed  it  to  be  a  kind  of 
motion,  and  Joule  made  it  a  quantitative  form  of  enei^y, 

Thales,  of  Miletus,  thought  that  the  magnet  was  endowed  with 
sort  of  immaterial  spirit,  and  to  possess  a  species  of  animation. 
The  Greeks  knew  also  that  rubbed  amber  attracted  bits  of  strav, 
and  supposed  it  to  be  endowed  with  life.  Even  Boyle,  as  late  aw', 
1675,  imagined  it  to  emit  a  sort  of  glutinous  effluvium  which  laid" 
hold  of  small  bodies  and  pulled  them  towards  the  excited  body» 
Du  Fay  in  1733  conceived  the  double  fluid  theory,  acd  Franklin 
in  1747  invented  the  single  fluid  theory.    Cavendish  in  1771 
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supplied  some  of  the  deficiencies  of  Franklin's  theory,  but  it  was 
Faraday  who  first  exploded  the  fluid  notion  and  originated  the 
molecular  theory  of  electricity,  while  Grove  boldly  claBsed  elec- 
,  tricity  with  light  and  heat  as  correlated  forces  and  mere  modes 
of  motion. 

Light  was  thought  by  the  Platonist?  to  be  the  consequence  of 
eomethiug  emitted  from  the  eye  meeting  with  certain  emanations 
from  the  surface  of  things,  but  no  theory  of  light  properly  so  called 
was  attempted  until  Newton  produced  hia  celebrated  corpuscular 
theory  in  1670,  which  has  Ia.9ted  until  the  present  day.  Even  as 
late  as  1816  Faraday  himself  said — "The  conclusion  that  is  now 
generally  received  appears  to  be,  that  light  consists  of  minute 
atoms  of  matter  of  an  octahedral  form,  possessing  polarity,  and 
varying  in  size  or  in  velocity,"*  Although  Huyghens  in  Newton's 
own  time  conceived  the  uadulatory  theory,  the  superior  authority 
of  the  great  English  philosopher  overshadowed  the  lesser  light, 
aiid  it  was  not  until  Young  and  Fresnei  at  the  commencement  of 
this  century  took  the  matter  up,  that  the  present  theoiy  of  light 
took  firm  root. 

Thus  we  see  that  all  these  sciences  have  passed  through  the 
same  stages  of  mystery  and  fancy,  and  it  is  only  within  the  present 
generation  that  they  have  emerged  from  the  mythical  to  the 
natural,  from  mere  hypothesis  to  true  theory.  Hypothesis  is  an 
imaginary  explanation  of  the  cause  of  certain  phenomena  which 
remains  to  be  shown  probable  or  to  he  proved  true.  Theory  is 
ihis  supposition  when  it  has  been  shown  to  be  highly  probable  and 
all  known  facts  are  in  agreement  with  its  truth. 

A  theoiy,  therefore,  to  be  valid  and  true,  must  agree  with 
every  observed  fact ;  it  must  not  conflict  with  natural  laws ;  it 
must  suggest  new  experience,  and  it  should  lead  to  further  deve- 
lopments. A  theory  is  absurd  if  it  supposes  an  agent  to  act  in  a 
manner  unknown  in  all  other  cases.  The  fluid  theories  of  elec- 
tricity are  merely  descriptive,  they  do  not  agree  with  every 
observed  fact ;  they  have  never  prompted  the  invention  of  a  single 
Dew  experiment,  or  led  to  any  development.     They  suppose  an 
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agent  unknown  in  other  cases  and  opposed  to  natural  laws.  In- 
complete theories  die  a  natural  death,  thus  Descartes'  vorticea, 
Newton's  corpuscular  theory  of  light,  the  fluid  theory  of  heat, 
Sfcahl's  phlogiston,  Nature  abhorring  a  vacuum,  have  all  disap- 
peared, while  complete  theories,  such  as  that  of  gravity,  the  laws 
of  motion,  the  consen-ation  of  energy,  the  undulatory  theory  of 
light,  not  only  remain,  but  suggest  new  fields  of  enquiry,  open  out 
fresh  pastures,  carry  truth  and  conviction  with  them,  and  have  led 
to  the  most  wonderful  predictions.  The  fluid  theories  of  electricity 
are  certainly  incomplete,  and  they  deserve  a  speedy  interment. 
We  have  to  asautne  the  esistence  of  two  substances  of  opposite 
qualities  which  mutually  annihilate  each  other  on  combination 
— a  self-evident  absurdity,  for  the  conception  of  matter  involves 
indestructibility.  Franklin  imagined  his  one  fluid  to  be  an  ele- 
ment of  glass ;  remove  electricity,  and  glass  would  lose  its  virtues 
and  properties,  and  thus  glass  was  to  give  out  its  electricity  for 
ever  and  a  day,  without  loss  of  weight  or  sensible  diminution.  It  i 
was  to  be  devoid  of  dimensions,  inertia,  weight,  and  elasticity,  and  I 
is  therefore  outside  the  pale  of  our  (lefiQition.  ^ 

Electricity  is  therefore  not  a  form  of  matter.  Hence,  according 
to  our  reasoning,  it  must  be  a  form  of  force. 

But  can  we  not  prove  that  it  is  a  form  of  force  ?     Certainly, 
Let  us  first  argue  from  analogy.     We  know  that  sound,  heat, 
and  light  are  modes  of  motion,  in  what  respects  does  electricity 
agree  with  these  forms  of  force  J 

The  fundamental  law  of  electrostatics  is  that  two  bodies  charged 
with  opposite  electricities  attract  each  other  with  a  force  dependent 
on  the  square  of  the  distance  separating  them.  Whatever  influence 
or  power  spreads  from  a  point  ajid  expands  uniformly  through  space 
varies  in  intensity  as  the  square  of  the  distance  for  the  area  over 
which  it  is  spread  increases  as  the  square  of  the  radius.  This  is 
the  case  with  gravity,  light,  sound,  and  heat,  which  are  known 
forms  of  force.  It  is  also  the  case  with  electricity  and  magnetism, 
which  ought  therefore  to  be  similar  forms  of  force, 

If  we  regard  the  velocity  of  transmission  of  certain  electrical  dis- 
turbances through  space,  we  have  every  reason  to  believe  that  it  is 
the  same  as  that  of  radiant  heat  and  light.    In  1859  two  observers  in 
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different  parts  of  the  country  (Messrs,  Carrington  and  Hodgson)  saw 
amultaneously  a  bright  spot  break  out  on  the  face  of  the  sun,  whose 
duration  was  only  five  minutes.  Exactly  at  this  time  the  magnetic 
oeedles  at  Kew  were  jerked)  and  the  telegraph  wires  all  over  the 
world  were  disturbed.  Telegraphists  were  shocked,  and  an  apparatus 
in  Norway  was  set  on  fire.  Auroras  followed,  and  all  the  effects  of 
powerful  magnetic  storms.  Moreover,  the  periods  of  sun  spots, 
earth  currents,  and  ma^etic  storms  follow  the  same  cycle  of  about 
eleven  years.  Dr.  Hopkinsoa,  among  others,  has  shown  that  this 
electric  disturbance  through  space  is  as  mechanical  as  its  action 
through  short  distances,  and  is  therefore  analogous  with  the  ordinary 
strains  of  elastic  matter  subject  to  distortion  by  mechanical  force. 
But  Clerk-Maswell  has  gone  beyond  this,  and  has  shown  that  the 
velocity  of  light  is  identical  with  that  of  the  propagation  of  electrical 
liisturbances  through  space  as  well  as  through  air  and  other  tran- 
sparent media.  Hence,  as  light  is  admitted  to  he  a  mode  of  motion 
identical  with  radiant  heat,  electricity  must  be  of  the  same  category. 
There  ia  such  a  remarkable  analogy  between  the  conductivity 
of  the  different  metals  for  heat  and  for  electricity — indeed,  there  is 
e?ery  reason  to  believe  that  if  the  metals  were  pure,  the  order  and 
ratio  of  conductivity  would  be  identical — that  it  is  impossible  to  re. 
OGt  the  conclusion  that  the  mode  of  transmission  in  each  case  is  the 
mme.  Mr.  Chandler  Roberts,  who,  using  Prof.  Hughes'  beautiful 
induction  balance,  shewed,  by  experiments  on  a  comprehensive 
Beriea  of  alloys,  that  the  curves  indicating  the  induction.balance 
effect  closely  resemble  their  curves  of  electrical  resistance.  He 
uifl  also  able  to  demonstrate  that  the  iDduction. balance  curve  of 
lie  copper-tin  alloys  is  almost  identical  with  the  curve  of  the 
conductivity  of  heat : — a  conclusion  of  much  interest ;  and  he 
pointed  out  that  we  might  look  with  confidence  to  being  able  to 
ascertain,  by  the  aid  of  the  inductioa-balance,  whether  the  relation 
between  the  conductivity  of  heat  and  electricity  is  really  as  simple 
aa  it  has  hitherto  been  supposed  to  be.  Moreover,  when  a  wire 
convey  a  current  of  electricity  it  is  warmed,  as  the  strength  of 
current  is  increased  it  ia  heated  and  eventually  rendered  incandes. 
cent.  The  ultimate  form  which  every  electric  current  takes  is 
heat.     The  wire  of  every  telegraph  is  warmed  in  ■proipoil\a'a  \o  "C^e 
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currents  it  transmits.  Joule  showed  that  when  this  heat  is  pro 
duced  by  a  current  generated  in  a  battery  by  chemical  force,  il 
amount  is  exactly  equivalent  to  that  which  would  have  bee 
evolved  by  the  direct  combination  o£  the  atoms.  The  conductin 
power  of  all  bodies  is  affected  by  heat,  and  Bome  even,  lik 
Belenium,  by  light.  Hence,  as  we  know  that,  in  the  caae  of  hes 
and  light,  conduction  ie  molecular  vibration,  we  reasonably  cor 
elude  that  it  is  the  same  with  electricity.  In  fact,  it  is  impossibli 
to  account  for  these  phenomena  except  on  the  assumption  of  tl 
motion  of  the  molecules. 

The  magnificent  researches  of  Dr.  Warren  de  la  Kue  ai 
Dr.  Hugo  Miiller  on  the  electric  discharge  with  the  11,000  ce! 
of  chloride  of  silver  battery  that  the  former  philosopher  has  pw* 
vided  himself  with  in  his  celebrated  laboratory,  have  shown  indii 
putahly  that  the  discharge  in  air  or  in  gases  under  varioq 
pressures  is  a  function  of  the  molecules  filling  the  space  througi 
which  the  discharge  occurs.  In  fact,  the  resistance  of  the  dischar^* 
between  parallel  flat  surfaces  is  as  the  number  of  molecules 
intervening  between  tbem ;  and  they  show  that  during  electrical 
discharge  in  a  gas  there  is  a  sudden  and  considerable  pressure 
produced  by  a  projection  of  the  molecules  against  the  sides  of  the 
containing  vessel  distinct  from  that  caused  by  beat,  and  unquestion- 
ably due  to  the  molecular  action  of  electrification.  The  long, 
continued  and  patient  researchea  which  these  eminent  physicists 
are  carrying  out  prove  beyond  doubt  that  electrical  discharge  is 
simply  molecular  disturbance.  In  reality,  the  fact  that  no  dia- 
charge  occurs  through  a  perfect  vacuum  is  a  crucial  proof  of  the 
molecular  theory. 

Some  recent  very  remarkable  researches  of  M.  Plantc  with  his 
rheostatic  machine*  have  shown  that  fine  wires  conveying  powerful 
currents  are  wrinkled  up  into  well  defined  regular  nodes,  that 
these  effects  are  accompanied  by  a  peculiar  crackling,  and  that  the 
wire  itself  becomes  brittle,  giving  clear  indication  of  the  vibratory 
motion  of  the  molecules.  He  gives  as  the  result  of  his  enquiry 
that  electrical  transmission  is  the  result  of  a  series  of  very  rapid 
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vibration  of  the  more  or  less  elastic  matter  nhicli  it  traverses,  and 
he  points  out  certain  analogies  between  electric  motion  and  sonorous 
vibrations.  To  this  idea  Professors  Ayrton  and  Perry  were  pre- 
riously  led*  by  consideration  of  the  Viscosity  of  Dielectrics,  and 
ihey  suggested  the  hypothesis  that  the  molecules  of  a  conducting 
substance  bad  very  much  more  translational  motion,  and  less  rota- 
tional motion  than  the  molecules  of  an  insulator. 

Professor  Challis,  of  Cambridge,  has  extended  this  view  so  far 
as  to  embrace  magnetism,  electricity,  light,  heat,  and  gravity  in 
one  category  of  physical  force,  and  to  assert  that  they  all  result 
from  motions  and  pressures  of  a  uniform  elastic  fluid  medium 
pervading  all  space  not  occupied  by  atoms.  His  views,  however, 
have  not  received  much  attention,  for  they  are  not  based  on  the 
foundation  of  any  new  facts,  and  they  are  utterly  subversive  of 
many  cherished  principles  deeply  rooted  in  the  scientific  mind. 
It  is  to  be  observed,  however,  that  he  regards  electricity  as  a  form 
of  force. 

Mr.  Crookes  in  his  recent  beautiful  experimental  researches 
into  molecular  physics  in  high  vacua  has  still  more  conclusively 
firoved  the  connection  that  exists  between  electrical  action  and 
molecular  motion.  In  fact,  his  experiments  are  so  brilliant,  his 
expositions  so  lucid,  that  one  can  fancy  one  sees  with  the  eye  of 
the  body  that  peculiar  play  of  the  mulecules  which  can  be  evident 
only  to  the  eye  of  the  mind.  Not  only  has  Mr.  Crookes  established 
as  a  physical  fact  the  kinetic  theory  of  gases,  and  the  molecular 
constitution  of  matter,  but  he  has  indicated  the  existence  of  a  fourtii 
state  of  matter  where  the  molecules  fly  about  without  mutual  let 
or  hindrance.  He  has  also  led  us  to  doubt  the  truth  of  the  gene- 
rally received  opinion  that  an  electric  current  flows  from  the 
positive  to  the  negative  electrode.  It  would  appear  from  his 
investigations  that  the  reverse  is  the  case.  Be  that  as  it  may,  he 
lias  added  one  story  to  the  structure  of  the  molecular  theory  of 
lectricity. 

The  criterion  of  a  good  theory  is,  however,  its  power  of  pre- 
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diction,  A  false  tJieory  has  never  led  to  prevision.  Neither  th( 
corpuscular  theory  of  light,  nor  the  fluid  theories  of  heat  s 
electricity,  ever  led  to  the  prediction  of  something  of  which  eyei 
bad  not  seen  nor  ears  heard.  The  triumphs  of  prediction  ini 
astronomy,  sound,  light,  and  heat  are  innumerable.  Faraday  pre.' 
dieted  the  effect  of  induction  in  lowering  the  velocity  of  currents 
of  electricity  and  the  action  of  magnetism  on  a  ray  of  light.  Sit 
William  Thomson  predicted  that  a  current  in  passing  from  a  hot 
to  a  cold  part  of  a  copper  bar  would  heat  the  point  of  contact 
while  in  an  iron  bar  it  cools  it.  Peltier  predicted  the  cooling  effeo 
of  currents  on  the  junctions  of  thermo-electric  pairs. 

But  the  true  identity  of  these  physical  effects  is  conclusivelj 
shown  by  their  quantitative  character  and  by  their  adhesion  t 
the  law  of  the  conservation  of  energy.  Take  the  case  of  th 
electric  light :  the  consumption  of  coal  in  a  furnace  generate 
steam,  the  steam  works  an  engine,  the  engine  rotates  a  coil  of  wire 
in  a  magnetic  field,  the  motion  of  the  coil  in  this  field  inducei 
currents  of  electricity  in  the  wire,  these  currents  of  electricitj 
produce  an  arc,  and  thereby  heat  and  light.  The  energy  of  t 
coal  is  transformed  into  heat  and  light  through  the  intermediated 
agency  of  electricity.  Is  it  possible  to  conceive  that  this  inter* 
mediate  agency  is  anything  but  a  form  of  energy !  Take  the  cos 
of  the  Bell  telephone  :  the  energy  of  the  voice  produces  the  enoi^ 
of  sonorous  vibration  in  the  air,  the  vibrations  of  the  air  cause  the 
vibrations  of  the  iron  disc,  the  vibrations  of  the  disc  vary  thS 
niagnetism  of  the  magnetic  field,  this  produces  currents 
electricity  in  a  small  coil  in  this  field  which  vary  the  magnetism  o 
the  distant  magnet,  which  in  its  turn  throws  its  disc  armature  int6 
vibration,  and  thereby  repeats  at  the  distant  station  the  sonorous 
vibrations  of  the  air,  and  thus  reproduces  the  energy  of  the  voice. 
A  tuning  fork  comes  to  rest  sooner  in  front  of  a  telephone  than 
when  it  is  allowed  to  vibrate  freely  in  air.  Here  we  have  thfi 
energy  of  the  fork  passing  through  the  several  stages  indicated 
above,  and  ultimately  coming  ont  in  its  original  form.  The  euergj 
of  sonorous  vibrations  at  the  distant  station  is  that  lost  by  the 
vibrating  tuning  fork. 

Is  it  possible  to  assume  that  in  this  cycle  of  changes  energ; 
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been  traosformed  into  matter  and  matter  again  formed  iato  energy] 
It  IB  impossible  and  absurd.  Clerk-Maxwell  said — "  When  the 
appearance  of  one  thing  is  strictly  connected  with  the  disappearance 
of  another,  bo  that  the  amount  which  exists  of  the  one  thing 
depends  on  and  can  be  calculated  from  the  amount  of  the  other 
which  has  disappeared,  we  conclude  that  the  one  has  been  formed 
at  the  expense  of  the  other,  and  that  they  are  both  forms  of  the 
same  thing." 

Would  it  be  possible  to  light  the  etreeta  of  New  York  by  the 
energy  of  the  falling  water  at  Niagara,  as  has  been  suggested  hj 
our  Past  President,  Dr.  Siemens,  if  the  cycle  of  changes  from  the 
one  spot  to  the  other  were  not  all  different  forms  of  this  same 
(Eergy  ?  Would  it  be  possible  to  plough  a  field  a  mile  away 
,  4om  the  source  of  motive  power  of  the  transmitting  medium  if  the 
ftctric  currents  were  not  forms  of  the  same  power  ?  Electricity  in 
B  effects  is  and  must  be  a  form  of  energy. 

The  final  stage  into  which  any  physical  theory  grows  is  that 
in  which  every  action  can  be  expressed  in  mathemati -■al  language, 
where  every  phenomenon  is  calculated  upon  an  absolute  physical 
iaais,  and  where  we  can  foretell  esaetly  what  will  occur  under  any 
poGBible  emergency.  This  ia  the  present  condition  of  the  science  of 
electricity.  We  can  calculate  exa.ctly  bow  much  steam  power  is 
required  to  generate  a  given  current  to  produce  a  given  light. 
We  can  tell  precisely  what  dimensions  of  cable  are  necessary  to 
give  a  certain  number  of  words  per  minute  on  the  other  aide  of  the 
globe.  If  a  fault  develop  itself  in  a  long  cable  through  the  gas. 
ironomic  propensities  of  a  thoughtless  young  teredo,  we  can  cal- 
culate to  within  a  few  fathoms  the  locality  of  his  edacious 
depredation. 

Take,  again,  the  conversion  of  heat  into  electricity,  and  of 
electricity  into  heat,  of  chemism  into  electricity,  and  of  electricity 
into  chemism — but  I  am  tired  of  these  illustrations.  It  may  suit 
a  Darwin  or  a  Faraday,  to  satiate  his  pupils  with  a  plethora  of 
illustrations  to  carry  his  point,  or  it  may  suit  an  author  who  is 
triting  a  book  to  exhaust  his  subject,  hut  the  President  of  a 
I  Society  in  his  inaugural  address,  must  regard  the  time  before  him 
Band  the  patience  of  his  readers.     I  liave  shown  that  eleclmvV'j  \s 


16  INADGiniAL  ADDEEBB.  [Jan.  astb, 

not  a  form  of  matter,  and  I  hope  I  have  now  convinced  you  that  it 
must  be  a  form  of  force.  Tn  its  effects  which  are  known  to  us,  it 
must  rank  as  one  form  of  energy  in  the  same  category  with  chemism, 
with  light,  and  with  heat,  as  a  peculiar  mode  of  motion  of  the 
molecules  of  matter. 

Clerk -Maxwell,'  in  hie  claBsical  work  on  electricity,  has  used  a 
somewhat  curioua  argument  to  show  that  electricity  is  not,  like 
heat,  a  form  of  energy.  He  says  that  energy  is  produced  by  the 
multiplication  of  "  electricity  "  and  "  potential,"  and  that  it  is  ira- 
poasible  that  electricity  and  energy  should  be  quantities  of  the  same 
category,  for  electricity  ia  only  one  of  the  factors  of  energy,  the  other 
factor  being  "potential."  But  this  does  not  militate  in  any  way 
against  the  force  of  the  argument,  for  in  nature  we  can  no  more 
separate  electricity  and  potential  than  we  can  separate  heat  and 
temperature.  Energy  usually  appears  as  the  product  of  two 
factors,  and  it  is  the  equivalent  of  the  work  done.  Thus,  Potential 
eiiergy  is  the  product  of  mass  and  gravitation  acting  through  a 
distance.  Kinetic  energy  is  the  product  of  mass  and  the  half, 
square  of  velocity.  The  energy  of  fluids  is  the  product  of  volume 
and  pressure.  The  energy  of  heat  is  made  up  of  heat  and  tem. 
perature,  and  the  energy  of  electricity  is  the  product  of  electricity 
and  potential.  Hence  it  is  that  electricity,  per  se,  may  be  said  to 
be  a  form  of  force,  while  all  its  effects  as  known  to  us  are  forms 
of  energy.  Force  alone  cannot  produce  energy ;  it  must  he  force 
and  something  else.  Force  is  the  power  of  producing  energy,  and 
it  must  have  something  on  which  to  produce  it.  Hence  matter  is 
always  present ;  and  thus,  though  heat,  light,  and  electricity  are 
forms  of  motion,  they  are  in  reality  properties  of  matter  from 
which  they  are  inseparable.  They  are  evident  to  us  through  the 
play  of  the  molecules  of  matter,  and  thus  are  properly  called 
molecular  forces. 

Our  Society  was  established  for  the  general  advancement  of 
electrical  and  telegraphic  science,  and  more  particularly  for  facili- 
tating  the  exchange  of  information  and  ideas  among  its  members. 
The  advancement  of  physical  science  is  as  much  our  duty  as  is  the 

•  Yol.  i.,p.  sa 
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furtherance  of  the  ait  of  telegraphy.  Complaint  has  been  made 
that  we  have  devoted  ourselves  too  much  to  the  ventilation  of  purely 
concrete  matters,  while  abstract  questions  have  been  neglected. 
There  may  be  some  truth  in  this  stricture  on  our  proceedingB,  and 
there  may  even  be  a  cause  for  it.  The  Council  are  now  seriously 
considering,  not  perhaps  eo  much  ao  enlargement  of  the  scope  of 
the  Society,  as  au  alteration  in  its  title  which  will  prevent  any 
misconception  as  to  its  aims  and  purposes.  Though  the  science  of 
electricity  is  very  advanced,  there  is  still  vast  room  for  research, 
and  our  widely  scattered  members,  spread  all  over  the  face  of  the 
globe,  with  the  most  costly  and  perfect  apparatus  at  their  command, 
have  a  grand  opportunity  to  further  the  objects  of  the  Society,  if 
tbey  only  avail  themselves  of  the  means  at  their  disposal.  Every 
science,  and  especially  our  science,  is  the  outcome  of  intelligent 
observation  and  careful  experiment.  There  is  no  science  that 
owes  so  much  to  its  practical  emploj'ment  foruaeful  purposes.  The 
science  itself  has  grown  with  the  art  of  telegraphy.  Practical 
difficulties  have  suggested  enquiry,  enquiry  has  prompted  trial, 
trial  has  opened  the  eye  of  the  mind  to  further  development,  and 
the  result  is  that  the  highest  scientific  authorities  acknowledge  their 
indebtedness  to  the  Telegraph  Engineer.  The  historical  inductiTe 
philosophy  of  Bacon  is  supposed  to  teach  us  that  to  establish  science 
on  a  true  basis,  we  must  accumulate  a  vast  array  of  facts,  marshal 
them  in  proper  methodical  order,  and  extract  from  them  laws. 
But  this  is  not  the  natural  order,  nor  is  it  the  method  pursued  by 
Newton,  Faraday,  or  any  great  master  of  science.  Joule  has  spoken 
of  "  a  new  era  in  the  history  of  science  when  the  famous  philosophical 
system  of  Bacon  will  be  to  a  great  extent  superseded,  and  when, 
instead  of  arriving  at  discovery  by  induction  from  experiment,  we 
(hall  obtain  our  largest  accessories  of  new  facts  by  reasoning 
deductively  from  fundamental  principles."* 

Faraday  said: — "I  must  keep  my  researches  really  experi- 
mental and  not  let  them  deserve  anywhere  the  character  of 
l^pothetical  im,agi'nations."f    Nevertheless    all    Faraday's    re. 

-  Phil  Trans.,  185S. 
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searches  are  characteriEed  by  the  haad  following  the  brain ;  by 
observation  and  experiment  cliecking,  as  it  were,  the  speculations 
of  thought.  For  forty  years  he  pursued  his  pet  notion  of  the 
connection  between  magnetism  and  light.  He  was  sura  it  existed, 
but  it  took  him  twenty-three  years  to  prove  it. 

Jevons  said : — "  Modern  science  is  not  the  result  of  the 
Baconian  philosophy,  it  is  the  result  of  the  Newtonian  philosophy 
and  the  Newton  method.  The  '  Principia '  is  the  true  '  Novum 
Organum.'  It  is  the  result  of  theory  guiding  experiment  and  yet 
wholly  relying  on  experiment  for  confirmation ;  the  brain  guiding 
the  hands."*  In  our  practice  ditficulties  have  suggested  remedies, 
effects  have  suggested  causes,  hypothesis  has  suggested  experiment, 
and  experience  has  confirmed  or  refuted  the  hypothetical  anticipa. 
tions  of  the  fertile  brain.  The  difficulties  in  working  underground 
wires,  and  in  cables,  suggested  to  Faraday  and  to  Thomson  those 
researches  which  have  placed  the  laws  of  induction  on  "  the  solid 
ground  of  nature."  The  necessities  of  the  Telegraph  Engineer 
prompted  the  members  of  the  Committee  of  the  British  Association 
to  labour  with  such  success  as  to  bring  the  physical  quantities  of 
electrical  elements  within  the  fold  of  exact  and  absolute  measure- 
ment. We  glory  in  the  present  day  in  the  perfection  of  apparatus 
which  the  requirements  of  telegraphy  have  evoked,  and  experi- 
ments which  Newton  would  have  thought  too  minute  to  fall  under 
the  observation  of  our  senses  are  repeated  every  day.  The  in. 
dications  of  Thomson's  reflecting  galvanometer,  and  the  beats  of 
Bell's  telephone  are  only  equalled  by  Whitworth's  gauges  and  by 
spectrum  analysis. 

The  development  of  oceaD  cables  has  oppned  a  new  world  to 
the  scientific  observer,  and  Porcupines,  Lightnings,  and  Challengers 
have  probed  the  deep  imfathomed  caves  of  ocean,  swept  the  bed 
of  the  mighty  deep,  and  scoured  the  surface  of  the  seas,  to  search 
out  new  facts,  and  to  open  up  fresh  fields  for  the  naturalist,  the 
biologist,  and  the  meteorologist.  There  are  many  questions  that 
remain  unanswered,  and  tiat  offer  work  for  our  members:  the 
distribution  of  atmospheric  electricity,  the  conductivity  of  the 
atmosphere,  the  cause  and  nature  of  earth  currents,  the  electrical 
•  Priaciplea  o£  Boience,  vol.  ii ,  p.      . 
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relation  that  exists  between  the  sun  and  the  earth,  the  cause  of 
electrification  or  polarization  in  insulated  wires,  the  various 
phases  of  induction,  and  many  other  points  deserve  enquiry,  for 
report  to  the  Society  for  discussion  at  our  meetings,  and  for  record 
in  our  proceedings. 

Earth  currents  have  been  a  favourite  subject  of  enquiry  of  mine 
for  many  years.  I  have  always  entertained  the  idea  that  they  are 
directly  due  to  the  action  of  the  sun.  Some  disturbance  in  the  sun 
causes,  by  induction,  a  variation  in  the  distribution  of  the  lines  of 
potential  on  the  earth's  surface,  and  produces  the  conditions 
required  for  these  currents.  I  have  many  facts  to  support  this  hypo- 
thesis, but  I  want  more  to  confirm  it.  I  want  observers  to  record 
the  times  of  daily  maxima  and  minima.  I  want  them  especially 
to  note  during  those  periods  of  unusual  disturbance  the  direction 
of  the  circuits  which  are  7iot  affected,  for  they  would  give  the 
direction  of  the  lines  of  equipotential.  This  not  only  offers  a  useful 
field  of  observation,  but  its  failure  or  success  will  illustrate  the 
modem  method  of  scientific  research,  when  the  brain  suggests  to 
the  hand  and  the  eye  what  they  have  to  do,  and  what  they  have 
to  look  for. 

And  this  idea  -which  I  have  bo  long  held  on  account  of  my 
observations  of  earth  currents  seems  now  in  a  fair  way  to  be 
established,  for  one  consequence  of  Professor  Clerk-Maxwell's 
theory  of  electric  action  is,  that  a  body  with  a  statical  charge  of 
electricity  when  it  moves  rapidly,  produces  all  the  magnetic  effects 
of  a  current.  The  experiments  of  Professor  Rowland  have  shown 
ihat  this  result  is  correct,  and  Professors  Ayrton  and  Perry,  in 
a  very  ingenious  mathematical  investigation  published  by  the 
Physical  Society,*  have  proved  that  a  spherical  body  in  space 
charged  with  statical  electricity  and  rotating  on  its  axis,  must 
I  lehave  like  a  permanent  magnet,  bo  thiit  terrestrial  magnetism 
L  atnst  be  due,  in  part,  to  the  statical  charge  on  our  globe. 

Professor  Rowland  has  since  shown  that  terrestrial  magnetism 
inot  be  entirely  caused  by  the   whirling  of  this  static  charge, 
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but  he  agrees  with  the  calculationa  of  Messrs.  AyrtoQ  and  Perry, 
proving  that  a  certain  small  magnetic  force  is  actually  produced 
on  the  earth's  surface  by  this  cause,  independently  of  the  existence 
of  all  other  bodies. 

Hence,  anything  which  disturbs  the  distribution  of  the  earth's 
charge,  such  as,  for  instance,  the  introduction  between  the  sun  and 
the  earth  of  patches  of  different  gaseous  media  (which  we  know 
from  the  previous  experiments  of  these  gentlemen  affects  the 
specific  inductive  capacity  of  the  intervening  space),  or  the  alinea- 
tion  of  some  of  the  heavenly  bodies  with  the  earth,  must  affect 
the  lines  of  static  electric  induction  between  the  sun  and  our  planet, 
and,  therefore,  affect  terrestrial  magnetism. 

Our  Society  not  only  offers  a  useful  field  for  scientific 
but  it  supplies  a  very  useful  arena  for  the  education  of  its 
We  shall  shortly  have  open  to  their  perusal  the  finest  electrical 
library  in  the  world — that  of  Ronalds,  and  we  have  the  hopes  in  the 
future  of  having  added  to  it  an  equally  famous  one,  collected  by 
one  of  our  most  eminent  Past  Presidents. 

But  knowledge  gained  from  hooka  should  be  confirmed  by 
experience.  We  are  too  much  apt  to  rely  on  illustrations,  and 
think  we  know  all  because  wo  can  illustrate  it  by  pen  or  pencil. 
Many  a  bright  idea  is  lost  for  want  of  an  opportunity  to  test  its 
validity.  Those  who  reason  theoretically  without  demonstrating 
experimentally  are  sure  to  fall  into  error,  while  those  who  experi- 
ment in  a  haphazard  way  without  being  guided  theoretically,  aju 
sure  to  waste  time  and  money.  I  want,  therefore,  to  see  our 
library  supplemented  by  a  laboratory,  where  those  of  our  membei 
who  have  not  the  means  at  their  disposal,  can  not  only  confirm  thew 
reading,  bitt  go  and  examine  their  ideas  for  themselves  by  the  rigor- 
ous teat  of  experiment.  We  are  not  all  Hughes  who  can  mal 
scientific  apparatus  out  of  lucifer  boxes  and  bonnet  wire.  If  the 
financial  abilities  of  out  Hon.  Treasurer  prove  as 
the  future  as  they  have  done  in  the  short  career  which  has 
distinguished  his  paat  occupation  of  the  oEBce,  I  have  little  doubt 
that  this  wish  will  he  within  reach  of  accomplishment. 

There  is  no  more  useful  mode  of  imparting  knowledge  thaa 
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that  of  lecturing.      "It  blesseth   him   that  gives  and   him  that 

takes."     The  lecturer  often  learos   more  than  his  audience.     The 

posaeseion  of  a  laboratory  would  enable  us  to  ask  those  who  have 

Llnade  any  special  line  of  study  their  own,  to  favour  us  occasionally 

L^th  a  viv'l  voce  explanation  of  their  researches  and  their  views. 

■'  Several  societies  practise  this  salutary  plan,  which  is  one  that  was 

very  strongly  advocated  by  Faraday. 

Our  Journal  forms  a  most  useful  vehicle  for  the  promulga- 
tion of  new  facts.  History  tells  us  of  many  brilliant  experiments 
and  discoveries  that  have  been  hidden  and  neglected  from  the  want 
of  proper  publication,  or  of  some  society  to  take  them  up.  Thus 
Mayow,  a  doctor  of  Bath,  discovered  oxygen  over  one  hundred  years 
before  it  was  rediscovered  by  Priestley  and  Scheele.  Romagnosi, 
a  doctor  of  Trent,  discovered  the  deflection  of  the  needle  fifteen 
years  before  Oersted  startled  all  Europe  with  its  rediscovery. 

The  groat  cry  of  to-day  is  for  technical  education.  Here  we 
have  an  organisation  well  suited  for  furthering  this  object,  and 
with  a  home  of  our  own,  an  unequalled  library,  and  a  well  equipped 
laboratory,  we  ought  to  be  able  to  stifle  the  cry,  at  least  as  far  as 
telegraphy  is  concerned. 

The  science  of  electricity  owes  its  great  development  to  the 
vast  extension  of  submarine  telegraphy  throughout  the  oceans  of 
the  world.  The  Atlantic  has  been  crossed  by  no  less  than  nine 
cables,  of  which  three,  however,  are  dumb.  A  thin  cord  dupli- 
cated  the  whole  way,  extends  from  England  to  Australia,  it  is 
dnplexed  to  India,  and  one  wire  extends  from  Aden  to  the  Cape. 
There  are  no  less  than  97,668  miles  of  submarine  cable  now  in 
working  order.  In  spite  of  the  wail  of  distress  that  has  depressed 
the  conunercial  world,  cable  enterprise  has  not  fallen  below  the 
average  during  the  past  year. 

During  the  past  twelve  months  the  Telegraph  Construction 
Company  has  manufactured  6,800  knots,  Siemens  jBrothers  3,600 
knots,  the  Silvertown  Company  900  knots,  and  Mr.  Henley  107 
knots  of  cable — 11,407  knots  of  catle  laid  by  commercial  enter- 
prize  in  all  quarters  of  the  globe  in  one  year ! 

The  maintenance  of  the  long  mileage  of  cable  iei\MiTes  \'(i% 
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eraplojment  of  a  fleet  of  ships.  There  are  now  no  less  thwi 
27  steamships  employed  for  telegi-aphic  purposes  in  different  parts 
of  the  globe.  They  are  all  well  officered  and  specially  fitted  up 
with  machinery  and  apparatus  to  facilitate  their  operations. 
They  are  each  provided  with  a  skilled  staff  specially  trained 
to  observation  and  experiment.  We  are  much  indebted  to 
Mr,  Jamieson  for  a  very  interesting  paper  on  Cable  Grappling  and 
Lifting,  but  with  this  exception  we  have  little  or  nothing  to 
chronicle  of  their  doings.  It  is  surprising  how  few  are  the  facta 
that  have  been  added  to  our  knowledge  by  such  an  organisation. 
It  is  owing  certainly  not  to  want  of  zeal,  but  perhaps  to  an 
ignorance  of  what  is  needed.  If  they  were  to  study  Sir  Wyville 
Thomson's  "Depths  of  the  Sea"  or  his  "Voyage  of  the 
Challenger,"  if  they  were  to  provide  themselves  with  a  good 
microscope  with  sample  bottles  and  alcohol,  they  would  be  surprised 
to  find  how  much  they  would  increase  their  own  enjoyment, 
afford  gratification  to  their  friends  at  home,  and  further  the  iuteresta 
of  science.  Indeed,  ocean  life  is  becoming  a  source  of  considerable 
anxiety  to  the  Telegraph  Engineer,  for  many  little  creatures  have 
developed  a  decided  penchant  for  the  constituents  of  which  cables 
are  composed.  In  all  the  recent  cables  laid  within  depths  of 
100  fathoms  by  the  Telegraph  Construction  Company  a  wrapping 
of  thin  brass  baa  been  externally  applied  to  provide  for  this 
growing  evil.  Damage  to  the  gutta  percha  has  not  been  observed 
at  greater  depths  than  100  fathoms,  but  some  specimens  of  the 
Atlantic  Cable  of  1865  which  have  recently  been  recovered  from  a 
depth  of  2,000  fathoms,  gave  unmistakable  evidence  of  the  destruc- 
tion of  the  hemp  by  some  boring  animal. 

At  home,  the  greatest  advances  have  been  made  in  apparatus. 
The  mileage  of  wire  that  has  been  erected  in  England  to  meet  the 
enormous  increase  of  telegraph  business  that  has  occurred  since 
1871  is  trifling.  The  average  weekly  number  of  messages  in  the 
month  of  October,  for  the  former  year,  was  273,000,  the  greatest 
number  ever  reached  at  that  time,  while  for  this  last  year  it 
amounted  to  no  less  a  figure  than  586,000.  This  great  increasCt. 
has  really  been  provided  for  bj  the  improvement  in  Wheatstone'i 
Automatic  Apparatus ;  by  the    introduction  of  duplex   working] 
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and  more  recently  by  the  quadruples  system,  The  duplex  and 
quadruples  syatema  have  been  proved  to  be  applicable  to  automatic 
working,  and  the  speed  of  working  long  circuits  has  been  much 
increased  by  the  insertion  of  intermediate  relay  stations.  But  ire 
have  reached  a  limit ;  our  system  is  actually  gorged  with  messages ; 
failures  of  wires  cause  considerable  trouble,  inconvenience,  and 
complaint,  the  public — our  watchful  but  not  lenient  masters — are 
beginning  to  growl,  and  the  erection  of  additional  wires  has  become 
essential.  It  is  hoped  that  a  new  trunk  line  to  the  North  and 
many  addition;il  wires  will  be  erected  during  the  ensuing  summer. 
There  is  also  strong  reason  to  believe,  that  for  the  first  time  since 
the  acquisition  of  the  Telegraphs,  the  balance  on  the  right  side 
mil  be  sufficient  to  show  a  surplus  over  the  dividend  on  the  capital 
expended  in  the  acquisition  of  telegraphs  by  iJie  State. 

The  improvement  of  apparatus  in  this  country  is  a  veritable 
case  of  growth  by  evolution.  The  instruments  themselves  are  in  a 
constant  state  of  transition.  Every  defect  or  deficiency  as  it 
develops  itself  is  removed,  and  the  result  is  that  the  instrument 
grows  by  a  process  of  careful  cultivation  and  of  intelligent  selection, 
prompted  by  experiment,  guided  by  theory,  and  confirmed  by 
practice.  It  is  not  too  much  to  say  that  in  quality  of  manufacture, 
efficiency  of  performance,  and  perfection  of  design,  the  apparatus 
of  this  country  takes  its  position  in  the  very  front  rank.  This 
applies  not  only  to  the  apparatus  used  by  the  Post  Office,  but  essen- 
tially to  that  employed  by  the  Cable  Telegraph  Companies, 
Even  lately  a  very  great  step  forward  has  been  made  by  Mr.  Har. 
wood,  of  the  Eastern  Telegraph  Company,  who  has  recently  much 
improved  the  duplex  working  of  cables,  both  as  regards  speed  and 
a£Scieaoy. 

The  cry  that  invention  has  been  checked  by  the  monopoly  of 
die  Government  is  made  by  those  who  are  ignorant  of  contempo- 
raneous  history,  who  are  too  callous  to  enquire  for  themselves  into 
the  truth  of  the  accusation,  and  with  whom  most  probably  the  wish 
is  father  to  the  thought. 

Tbe  telephone — the  great  excitement  of  the  previous  sesaion — 
hsA  made  but  little  progress  during  the  past  year,  though  there  is 
DO  doubt  that,  through  tbe  diBcovery  of  the  principle  of  the  micro- 
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phone  by  Professor  Hughes,  the  practical  applications  of  thi 
wonderful  instrument  have  been  much  improved.  In  fact,  ProfessoW 
Graham  Bell,  Mr.  Elisha  Gray,  and  most  of  those  who  haT0 
been  working  in  this  field,  haTe  laid  aside  their  own  particula 
form  of  transraitter,  and  have  adopted  one  that  is  a  mere  form  o 
microphone.  In  England  we  have  one  or  two  excellent  format 
Those  of  Mr.  Louis  Crossley  and  Mr.  Hunnings  leave  little  to  b 
desired,  while  in  America  that  of  Mr.  Francis  Blake  is  admirable^ 
and  is  also  much  used  in  England.  Litigation  has  commenced) 
between  the  Post  Office  and  the  telephone  Companies, 
restrict,  or  in  any  way  to  interfere  with  the  use  of  the  telephone- 
but  to  prevent  the  establishment  of  a  particular  branch  of  Post 
Office  telegraph  business  without  its  license  or  consent. 

A  curious  controversy  as  to  the  seat  of  the  vibrations,  whicb 
result  in  the  reproduction  of  speech,  has  occupied  the  attention  of 
certain  physicists  on  the  other  side  of  the  Channel,  Some  follow- 
ing Graham  Bell  and  led  by  Count  du  Moncel  attribute  the  effect 
solely  to  what  may  be  called  the  Page  effect,  viz.,  a  moleculat 
distarbance  of  the  magnet  itself.  Others  led  by  Colonel  Navea 
prefer  to  follow  me  in  a  theory  I  first  propounded  at  Plymouth,* 
viz.,  the  sonorous  vibrations  are  set  up  by  the  mechanical  move*! 
meat  of  Uie  disc  itself.  Both  theories  are  really  true,  and  the) 
controversy  is,  like  many  other  scientific  controversies,  a  war  ofi 
words.  The  motion  of  a  mass  is  the  integration  of  the  motion! 
of  the  molecules  of  the  mass.  There  is  the  Page  effect  in  thrf 
magnet,  and  there  are  the  effects  of  magnetic  attraction  on  the 
disc ;  the  resultant  action  being  sonorous  vibrations.  In  point  oP 
fact,  there  would  be  no  sonorous  vibration  if  there  were  no  molaf^ 
motion,  and  there  would  be  no  molar  motion  if  there  were  i 
molecular  disturbance. 

One  of  the  most  "  beautiful  developments  "  of  the  year  is  thaH 
writing  telegraph  of  Mr.  Cowper.  While  the  telephone  repro-' 
duces  speech,  here  we  have  the  handwriting  reproduced  by  ant 
operation  that  is  almost  mimical  in  its  character. 

The  electric  light  has  been  making  considerable  progress,  and 
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is  gradually  forcing  itself  into  practical  use,  in  epite  of  many  of  the 
drawbacks  to  its  employment  that  have  yet  to  be  removed.  The 
lump  of  the  future  has  not  yet  been  produced,  though  steadiness 
Liiid  duration  have  very  much  advanced  during  the  past  twelve 
months.  There  is  very  little  room  for  improvement  in  the 
generating  machine,  for  both  the  Siemens  and  Gramme  machines 
convert  about  90  per  cent,  of  the  energy  thrown  into  them  into 
electric  currents,  and  this  is  a  duty  which  no  other  kind  of  machine 
can  show. 

One  of  its  most  notable  and  useful  applications  has  been  on 
board  ship,  to  further  the  operations  during  the  night  in  laying  and 
npairing  cables.  I  was  present  on  board  the  8.a.  Dacia,  in  the 
Uediterranean,  when  this  was  done,  and  the  success  was  unequi- 
vocal. 

The  Brush  machine  has  recently  been  introduced  into  this 
conntry,  and  its  performances  are  certainly  very  wonderful.  It 
produces  an  electromotive  force  of  over  800  volts,  and  I  have  seen  it 
majntain  20  very  steady  arcs  joined  in  series.  Sixteen  appear  to 
be  its  efficient  Hmit,  and  this  number  of  lamps,  giving  over  1,000 
candle  power,  are  easily  maintained  by  an  expenditure  of  1 3^  horse 
power.  The  peifonnances  of  the  Brush  light  are  certainly  the 
;jBost  advanced  form  the  electric  light  has  yet  taken.     There  are 

ir  eight  hundred  of  these  lights  in  the  United  States ;  and 
is  worthy  of  notice  that  it  has  quietly  crept  into  existence  with- 
it  the  aid  of  the  ubiquitous  and  omniscient  newspaper  cor- 
respondent, or  the  transmission  of  any  sensational  telegrams,  to 
the  detriment  and  discomfort  of  gas  shareholders. 

It  is  assumed  by  many  that  the  electric  light  is  devoid  of  heat, 
but  Professor  Dewar  has  shown  that  a  Siemens  arc  radiates  heat 
equivalent  to  3  horse-power  per  minute.  Moreover,  the  use  of  such 
powerful  currents,  unless  carefully  directed,  are  dangerous  to  life 
and  limb,  and  may  even,  unless  properly  protected,  result  in  fire. 

Oas  is  not  going  to  he  affected  by  the  electric  light.     The 

proper  function  of  gas  is  to  generate  heat.     Ninety-four  per  cent. 

of  the  ingredients  of  gas  are  consumed  in  generating  heat,  and 

only  6  per  cent,  in  producing  light.     It  is  remarkable  that  so 

HM&enable  and  tractable   an   agent   for  heating  purposes  kaf.  'ur^x 
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been  more  utilizeJ,  but  the  fact  is  that  the  public  is  ignorant  of  ita 
properties,  careless  of  its  employment,  and  callous  of  ita  defects. 
It  is  not  too  much  to  say  that  50  per  cent,  of  tlie  gas  manufac- 
tured is  absolutely  wasted  for  illuminating  purposes  by  the  wild 
estravagance  with  which  it  is  burnt,  and  by  the  want  of  those 
systems  of  regulation  which  have  been  introduced  to  compensate 
for  irregularities  and  excesses  of  pressure. 

The  utilization  of  the  illimitable  wasted  energy  on  the  earth's 
surface  offers  a  fine  field  for  the  ingenuity  of  the  Electrician.  The 
tides  of  the  ocean,  the  motion  of  the  atmosphere,  the  rapids  of  a 
river,  the  innumerable  waterfalls  that  are  found  in  every  moun. 
tainous  or  billy  country  couM  be  compelled  to  give  up  in  the  form 
of  electric  currents  that  energy  which  gives  them  existence,  and 
which  could  thus  be  employed  for  providing  power,  generating 
heat,  or  supplying  light,  away  altogether  from  their  source  of 
conversion.  In  fact,  Sir  William  Armstrong,  near  Newcastle,  and 
an  enterprising  hotel  proprietor  in  Switzerland  have  already  pro- 
duced light  in  their  houses  by  converting  into  that  form  the  energy 
of  a  neighbouring  waterfall. 

I  cannot  omit  mentioning  the  researches  of  Professor  Hughes. 
Here  we  have  the  case  of  a  telegraphic  engineer  who  has  spent 
the  best  part  of  his  life  in  improving  the  working  of  telegraphs, 
resting  from  his  labours  with  well  lined  purse,  and  turning 
philosopher.  Spurning  the  costly  apparatus  of  the  philosophical 
instrument  maker,  he  takes  the  simplest  and  cheapest  materials 
he  can  lay  his  hands  on,  and  with  fine  inventive  skill,  aided  by  an 
instinctive  mechanical  turn  of  mind  and  well  trained  hand,  he  forces 
nature  to  develop  unexpected  secrets,  and  he  enables  the  chemist 
of  the  mint  to  detect  an  infinitesimal  trace  of  impurity  in  the 
bright  golden  sovereign.  Moreover,  he  has  not  only  detected  an  ahso. 
lute  zero  in  nature,  but  he  has  given  the  physician  a  standard  by 
which  he  can  measure  the  relative  sensitivity  of  the  dullest  and 
sharpest  ears.  Hia  induction  balance  and  audiometer  are  fit 
Bequels  to  his  microphone,  and  I  venture  to  predict  that  he  will  yet 
wring  out  of  Dame  Nature  some  other  facts  that  have  Iain  dormant 
since  the  first  fiat  went  forth,  "Let  there  be  light."  His  mode  of 
investigation  is  a  very  apt  illustration  of  the  practice   I   have 
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preyiously  described  as  so  successful  in  modern  scientific  discovery, 
of  making  experiment  subservient  U>  hypothesis  with  the  view  of 
furthering  science.  His  investigations  have  been  made  without 
the  slightest  idea  of  gaining  "  filthy  lucre  "  or  of  taking  by  a  flank 
movement  some  successful  inventor's  patent — practices  which, 
I  am  sorry  to  say,  in  these  immoral  times  are  far  too  frequent  to 
ie  palatable. 

We  cannot  but  congratulate  ourselves  upon  the  position  of  our 
Society.  Our  first  President,  Dr.  Siemens,  in  the  first  paragraph 
of  his  inaugural  address,  remarked  that,  "Some  years  must 
necessarily  elapse  before  our  Society  can  have  given  substantial 
proof  of  its  useful  action,"  I  venture  to  submit  that  those  years 
have  passed.  Our  success  has  esceeded  the  most  sanguine  anticipa. 
tions.  Our  work  has  been  thought  of  sufficient  importance  to 
merit  special  reference  in  the  first  annual  address  of  the  gifted  and 
able  President  of  the  Koyal  Society.  The  good  that  our  Society 
has  done  and  ia  doing  is  patent  to  all.  It  stimulates  thought,  it 
encourages  experience,  it  furthers  the  science,  and  it  developes 
the  art  of  telegraphy.  It  inculcates  knowledge,  and  is  therefore 
educational ;  it  records  results,  and  is  therefore  historical ;  it 
cemente  friendship  and  promotes  good  fellowship,  and  it  has  there- 
fore a  moral  influence  ;  but,  above  all,  it  knits  together  in  one 
family  bond  that  great  wide-spread  brotherhood  who  are  found 
scattered  in  every  quarter  of  the  world,  maintaining  and  operating 

t"The  wonder-working  wire,"  to  the  annihilation  of  space  and  the 
gconomy  of  time. 
At  the  conclusion  of  the  address — 
Mr.  Latimer  Clark  rose  and  said  :  Gentlemen, — I  am  sure  it 
will  not  be  a  mere  matter  of  form  with  us,  but  a  matter  of  real 
feeling,  if  we  return  our  heartfelt  thanks  to  our  new  President  for 
the  very  able,  and,  of  course,  very  eloquent  address  that  we  have 
itiBt  listened  to.  I  will  not  attempt  to  eulogise  it,  but  content 
*lf  with  simply  proposing  that  the  best  thanks  of  this  Society 
due  to  Mr.  Preece  for  the  able  address  he  has  delivered,  and 
;,  with  his  permission,  the  sanae  be  printed  and  put  in  the 
imal  of  this  Society. 
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Mr,  Spagnolbtti  had  much  pleasure  in  eeconding  the  proposal, 
autl  remarked  that  such  an  instructive  and  philosophical  address 
deserved  an  exceedingly  hearty  vote  of  thanks. 

Mr.  Peeece  :  I  can  only  say.  Gentlemen,  that  I  am  highly 
delighted  to  think  that  this  evening  is  over,  but  am  ten  thousand 
times  more  delighted  to  find  that  my  efforts  have  met  with  your 
approval.  1  can  only  add  that  as  far  as  this  year  of  office  is  con- 
cerned, I  shall  do  all  I  can  to  merit  your  approval,  and  to  further, 
to  the  beat  of  my  ability,  those  objects  of  the  Society  which  I 
endeavoured  to  sketch  in  the  latter  part  of  my  address. 

The  folbwiug  new  Members  and  Associates  were  tbea  elected : — 

Memhers : 
Sir  James  Ajiderson. 
Henrique  Snell. 
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William  Fereday  Bottomley. 
J.  E.  GreenhQl. 
Kichard  Hogge, 
Joseph  Ismay. 

and  the  meeting  declared  adjourned  till  Wednesday,  11th  Feb- 
ruary, 1880. 
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B  Eighty-Third  Ordinary  General  Meeting  of  the  Society  was 
held  on  Wednesday  evening,  February  11,  1880,  at  the  Insti- 
tution of  Civil  Engineers,  25,  Great  George  Street,  Westmin- 
ster, Mr.  W.  H.  PbeECB  (President)  in  the  Chair. 
The  usual  preliminary  husiness  having  been  gone  through,  the 
I  Skceetaby  read  the  following  Paper  on 

TELEGRAPHY  IN  NEW  ZEALAND. 
By  T.  A.  Maginnity,  Member, 
Aaaistant  Secretary  for  New  Zealand 


Some  five  years  ago,  and  before  I  had  the  honour  of  becoming 

a  Member  of  the  Society  of  Telegraph  Engineers,  I  wrote  a  short 

paper  bearing  the  above  title,  which  appeared  in  the  Home  Newa. 

Since  reading  the  paper  by  Mr.  Preece  on  the  American  Telegraph 

System,  I  thought  it  would  not  be  uninteresting  to  members  of 

the  Society  to  become  acquainted  with  some  of  the  details  of  our 

Colonial  Telegraph  System ;  I  have  therefore  made  use  of  some  of 

the  information  contained  in  my  former  paper,  so  far  as  it  would 

suit  the  purposes  of  this  one,  and  the  infoimation  I  have  now 

compiled  I  place  at  the  disposal   of  the  Society.     There  are,  of 

I  lOourse,   many  points   in   connection    with    our    general    system 

■-lespecting  which  I  could  have  gone  into  further  detail,  but  I  have 

ideavoured  to  afford  information  concerning  the  system  as  a  whole 

iitbout  wearying  my  readers,  and  without  extending  my  paper  to 

l  undue  length. 

The  first  attempt  to  introduce  the  system  of  telegraphy  into 
■lew  Zealand  was  made  by  the  Provincial  Government  of  Canter- 

j  in  the  year  1863,  the  line  first  erected  being  from  ChristcburcL 
D  the  seaport  town,  Lyttelton,  a  distance  of  eight  miles. 

The  example  was  quickly  followed  by  tbe  sister  province  of 
Otago  in  the  early  part  of  the  following  year,  the  work  being  the 
placing  of  Invercargill  and  Bluff  in  telegraphic  communication  with 
each  other. 

The  next  line  erected  was  from  Dunedin  to  the  seaport  town, 
Port  Chalmers,  a  distance  of  7  miles.  This  was  completed  in  the 
latter  part  of  1863. 
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TLe  work  to  connect  Dunedin,  province  of  Otago,  and  Christ- 
church,  province  of  Canterhury,  a  distance  of  255  miles,  was 
commenced  on  the  4th  October,  18G4,  by  the  General  Government, 
This  line  wa's  completed,  and  the  first  message  from  Christchurch 
to  Dunedin  transmitted  on  the  13th  April,  18(i5.  The  Hue  was 
carried  north  to  Nelson,  embracing  the  intermediate  Gold  Fields 
Settlements,  and  completed  to  that  town  in  April,  1866. 

The  laying  of  the  Cook  Strait  Cable  connecting  the  North  and 
South  Islands,  or  correctly  speaking,  the  North  and  Middle  Islands, 
wassuccessfuUy  accomplished  in  August,  1866.  Up  to  the  early  part 
of  the  same  year,  no  attempt  had  been  made  to  establish  telegraphic 
communication  in  the  North  Island,  with  the  exception  of  a  few 
military  stations  opened  by  the  military  authorities  in  the  Waikato 
Country,  during  the  Waikato  War  of  18ii-J-63.  After  the  laying 
of  the  cable,  however,  communication  was  quickly  established  with 
Auckland,  on  the  east  side,  taking  in  all  the  intermediate  stations 
of  any  importance,  including  Hull,  Featberston,  Greytown,  Carter, 
ton,  Masterton,  Napier,  Taupo,  Tauranga,  Grahamstovm,  &c.,  and 
to  Taranaki  (New  Plymouth)  on  the  west  side,  embracing  Foxton, 
Palmerston,  Wanganui,  Patea^  &c.,  &c. 

The  line  from  Napier  northwards  was  erected  under  very  great 
disadvantages,  and  the  work  was  accompanied  with  considerable 
danger,  owing  to  the  hostile  nature  of  the  native  tribes  then 
residing  in  that  part  of  the  country.  This  state  of  things  is  now 
happily  changed,  and  no  difficulty  is  esperieoced  in  carrying  out 
any  desired  works,  the  country  being  in  a  thorough  state  of  peace 
and  civilization ;  to  such  an  extent,  in  fact,  have  the  natives 
become  loyal  and  civilized,  tha.t  they  hail  with  pleasure  the  arrival 
of  travellers  and  tourists,  to  what  was  for  many  years  a  perfect 
terra  incognita  so  far  as  Europeans  were  concerned,  viz,  the 
beautiful  lakes  and  terraces  of  Rotomahana  so  graphically  described 
by  Domett,  Tinney,  Trollops,  and  by  other  writers.  The  line 
extending  from  Tarawera  (a  saiall  stition  50  miles  north  of  Napier) 
to  Tauranga,  a  distance  of  160  miles,  passes  through  a  country, 
the  scenery  of  which  may  perhaps  be  equalled,  but  certainly  not 
surpassed  by  any  in  the  world.  It  is  here  the  great  mountain  of 
native  tradition,  Tongariro,  an  extinct  volcano,  arises.     Here  also 
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are  the  lakes  and  mineral  springs,  the  healing  nature  of  which  are 
now  ODlybecomingknown,andarel)eginning  to  be  appreciated.  This 
I  venture  to  assert,  that  in  years  to  come  this  part  of  the  colony  will 
become  one  of  the  greatest  places  of  resort  in  the  Southern  Hemi- 
sphere, To  give  this  part  of  the  North  Island  anything  approaching 
a  fair  description,  would  take  time  and  space  which  I  in  this  paper 
cannot  attempt,  even  were  I  bold  enough  to  thlok  that  I  could 
treat  the  subject  with  ordinary  ability.  To  note  in  detail  the 
progress  of  the  various  lines  and  works  throughout  the  colony, 
would  probably  not  prove  sufficiently  interesting,  so  I  will  at  once 
proceed  to  jot  down  in  a  condensed  fonu,  a  general  summary  of  our 
system  as  a  whole,  and  hope  that  my  efforts  to  prove  that  New 
Zealand  is  not  the  unimportant  or  unciviiized  country  some  b(  our 
friends  at  home  think  it,  will  not  be  altogether  uosuccessful.  If 
my  paper  proves  of  the  slightest  interest  to  members  of  the  Society, 
and  finds  a  place  in  the  Journal,  I  shall  be  more  than  repaid  for 
any  trouble  it  may  have  cost  me,  I  may  state  that  the  whole  of 
our  telegraph  system  is  now  under  the  control  of  the  General 
GovemmeEtj  the  provincial  and  military  lines  already  referred  to 
having  been  taken  over  at  a  valuation  some  years  ago. 

On  the  30tb  June,  1866,  the  number  of  mites  of  line  erected 
was  699,  and  the  number  of  sta,tioua  opened  for  business  13  ;  since 
that  time  to  the  present  date  our  works  have  been  speedily 
extended,  till  our  system  reaches  from  Mongonui,  almost  the 
extreme  north  of  the  North  Island  to  Bluff,  the  extreme  south  of 
Che  South  Ifland,  affording  telegraphic  communication  to  all  cities, 
vill^es,  and  townships  of  any  importance  intervening.  We  have 
I  Sow  in  circuit  3,543  miles  of  line,  carrying  8,4-14  miles  of  wire, 
I'irhicb  is  exclusive  of  works  in  progress.  These  latter,  when 
completed,  will  increase  our  mileage  of  line  to  3,621,  and  wire  to 
8,868  miles. 

During  the  year  ended  the  30th  June  last  there  were  trans- 
mitted 1,448,943  messages  of  all  codes,  being  an  increase  of  nearly 
14  per  cent,  over  the  previous  year.     This  was  effected  at  a  coat  of 
£96,801  83.  3d.,  but  taking  credit  for  the  value  of  Government 
Ujnessages  transmitted  we  show  a  credit  balance  sufficient  to  pay 
I  per  cent,  on  the  capital  invested  (^416,641  14s.  MY     "C\ie 
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number  of  stations  now  open  to  the  public  ia  195,  aud  the  ntiinber 
of  officers,  iucludiug  linemen  and  inspectors,  in  the  employ  of 
the  department  is  801.  This  for  a  colony  numbering  less  ti.an 
415,600  inhabitants,  will,  I  aca  Eure,  be  admitted  aa  very  satis, 
factory  and  progressive,  taking  into  consideration  that  t lie  colony 
is  only  some  forty  years  old. 

On  reading  Mr.  Preece's  paper  on  the  American  system,  I  find 
there  are  many  points  in  which  our  New  Zealand  system  and  that 
are  similar.  We  have  a  system  of  "  collect  "  message,  according 
to  which  a  telegram  may  be  sent  to  be  paid  for  upon  delivery  by 
the  receiver.  As,  however,  this  system  might  be  open  to  abuse  by 
peiBons  sending  telegrams  of  a  frivolous  or  useless  nature  to  some 
friend,  perhaps,  by  way  of  a  joke,  it  was  necessary  that  the  depart- 
ment should  he  in  some  way  protected,  and,  therefore,  the  law  con- 
cerning "  collect "  messages  is,  that  if  the  receiver  refuses  to  pay, 
the  sender  becomes  liable,  and  from  him  the  fee  due  can,  in  the 
event  of  his  also  refusing  to  pay,  be  at  once  recovered  by  recourse 
to  law. 

In  our  tariff  on  ordinary  messages,  also,  I  find  we  agree  in  the 
system  of  charging,  viz.,  at  per  word  after  the  first  10  words.  Our 
rate  is  one  shilling  for  the  first  ten  words  and  one  penny  per  word 
after,  address  and  signature  up  to  ten  words  being  allowed  free. 

By  a  return  recently  prepared  for  Parliament  I  find  that,  as 
regards  the  press  tariff,  our  newspapers  are  dealt  more  liberally 
with  than  in  any  other  country  where  the  system  ia  in  vogue.  Our 
press  rate,  between  the  hours  of  8  a.m.  and  5  p.m.,  is  6d.  for  the 
first  10  words  and  Jd.foreach  additional  word.  To  evening  papers, 
however — that  is,  papers  publishing  before  5  p.m. — a  further 
concession  is  granted  by  allowing  them  1,500  words  during  the  day 
at  evening  rates,  which  means  the  rates  after  5  p.m.,  viz.,  6d,  for 
the  first  25  words,  and  3d.  for  every  additional  25  words  or  fraction 
thereof.  I  am  snrry  to  have  to  state  that  even  all  this  does  not 
nearly  satisfy  the  rapacity  of  our  literary  friends,  so,  in  addition 
to  all  these  considerations  we  have  to  man  two  special  wires 
extending  from  Auckland  to  the  Bluff,  taking  in  all  the  chief 
centres  of  population — every  evening  from  8  p.m.  till  1  a.m.  next 
morning,  for  which  we  get  a  stated  subsidy. 
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H  Again,  we  have  what  is  callad  in  America  the  "deferred" 
H^igrBtem,  but  what  we  call  the  "  delayed,"  by  which  a  telegram  is 
Kaccepted  at  any  station  at  any  time  during  the  day,  and  posted  at 
its  destinaiion  the  same  night,  being  passed  along  the  wires  at  the 
convenience  of  the  department.  For  messages  of  this  code  we 
charge  ODe.half  the  ordinary  rate,  in  addition  to  a  fee  of  Id.  for 
postage.  For  the  year  just  expired  56,721  messages  of  this  code 
were  transmitted,  wbich  speaks  well  for  its  popularity.  Then  we 
have  an  "  uigent "  code,  which  takes  precedence  of  all  other  codes. 
Fur  messages  of  this  class  we  charge  double  rates,  and  I  see  by  our 
last  returns  we  transmitted  for  the  yeur  30,106  U.  0.  T.'s. 

Again,  we  have  a  money  order  system  similar  to  that  in  vogue 
in  America.  By  this  system,  sums  of  money  (not  exceeding  £10 
iQ  any  oue  order)  may  be  sent  from  any  money  order  office  to  any 
other  money  order  office  with  which  it  is  in  telegraphic  communi- 
cation. The  charge  made  by  the  Post  office  is  4d.  in  the  pound 
commission,  in  addition  to  the  telegraph  fee  of  Is.  The  amount  of 
money  transmitted  by  this  means  during  the  last  year  was  no  less 
a  sum  than  £61.693  9s.,  effected  by  1-1,61)7  orders. 

A  repetition  of  any  message  ma.y  be  obtained  by  paying  a  half 
rate  additional,  and  instructing  the  clerk  at  the  time  of  presenta- 
tion that  a  repetition  is  desired,  "  Reply  paid  messages  "  are 
also  accepted  for  transmission,  the  sender  of  ihe  original  giving 
instnictions  as  to  the  delivery  of  the  reply  on  arrival,  the  fees  due 
npm  which  are  collected  when  delivi'red. 

We  have  a  system  of  shipping  repurtiug  in  force,  which  enables 
the  whereabouts  of  any  steamer  to  be  known.     The  arrival  anfi 

^  departure  of  every  steamer  at  or  from  any  port  in  the  colony  is 
.  lent  to  Wellington,  and  posted  up  on  a  board  kept  for  the  purpi-se 
in  the  Government  offices.  In  addition  to  this,  a  shipping  board  is 
posted  outside  of  every  sea-port  station,  giving,  for  the  information 
of  the  public,  the  arrivals  of  steamers  which  have  sailed  from  that 
port,  and  the  departures  of  steamers  for  that  port ;  thus,  at  Wel- 
lington would  be  posted  the  arrivjd  of  a  steamer  at  LyLteltou, 
which  had  probably  left  Wellingtoa  tl;e  previous  duy,  as  also  would 
the  departure  of  a  steamer  from  Nelson,  bound  for  Wellington. 
We  have  also  a  complete  system  of  wind  and  weather  signals,  sent 
VOL.  IX.  C 
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to  the  Government  Buildings  at  Wellington  flaily,  and  posted  up 
on  a  properly  arranged  board.  Tliis  information,  with  other  obser- 
vations, is  ako  furnished  to  tLie  head  weather  reporting  oESce  at 
Wellington,  from  which  is  compiled  further  information  for  sending 
out  forecasts. 

Chambers  of  Commerce  are  entitled  to  receive  all  shipping 
information  at  the  rate  of  3d.  per  message,  and  the  captains  of 
vessels  can  telegraph  to  harbour  masters  at  any  port  to  which  they 
may  be  bound  to  ascertain  state  of  bar,  wind,  or  tide,  for  6d. 
per  message,  which  charge  also  covers  the  reply. 

Our  free  delivery  extends  for  a  radius  of  one  mile  from 
the  receiving  station,  and  for  telegrams  beyond  tho  mile  a  small 
charge  for  porterage  is  made,  a.ccording  to  the  distance. 

At  every  station  a  cipher  register  is  kept  where  any  person 
may  register  their  full  address  in  cipher,  no  charge  being  made 
for  registration.  This  facility  is  largely  taken  advantage  of  by 
mercantile  people  and  others  having  telegraphic  communication 
with  England,  or  the  Australian  Colonies,  where  the  saving  of  a 
word  is  a  consideration. 

Our  present  staff  of  operators  are  nearly  all  young  men,  who 
have  been  trained  in  the  colonies,  and  are,  without  exception, 
"  sound  "  readers.  The  salaries  of  operators  range  from  £120  to 
,£2U0,  and  those  of  officers  ia  charge  of  first  and  second  class 
stations,  from  £200  to  £375  per  annum. 

Our  New  Zealand  youth  displays  great  liking  for  telegraphy, 
and  shows  considerable  aptitude  in  gaining  a  knowledge  of 
operating.  Cadets  enter  at  ages  ranging  from  sixteen  to  twenty-one, 
and  undergo  a  course  of  three  months  training  in  the  "  Learners' 
Gallery"  under  an  expert  operator.  Here  they  are  instructed 
also  in  connections  and  manipulation  of  the  test  board.  At  the 
end  of  three  months,  when  they  are  drafted  out  to  stations,  they 
are  competent  to  take  a  fourtl  class  circuit,  being  able  to  send 
about  25  words,  and  receive  by  sound  from  18  to  25  words  per 
minute.  They  are  trained  in  batches  of  24,  in  a  room  fitted  up 
for  the  purpose.  The  instrument  in  general  use  is  the  Morse,  but 
the  small  and  convenient  sounder  is  now  becoming  general  at  all 
the  principal  stations. 
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Our  lines  throughout  the  Colony  are  of  the  most  substantial 
construction,  the  wire  used  being  No,  8  Galvanized  B  BB,  carried 
on  poles  varying  in  size  from  20  to  30  feet  (as  the  nature  of  the 
country  demands),  sawn  from  the  heart  of  theTotara  (Podocarptis). 
About  20  poles  are  inserted  to  the  mile,  excepting  in  main  thoroogh- 
;baea,  whore  the  number  is  increased,  and  poles  of  greater  length 


The  joint  used  in  attaching  wires  is  the  Britannia  joint,  and 
OTCty  lineman  is  hound  by  his  regulations  to  solder  every  joint 
made  by  him,  failure  to  do  which  is,  on  discovery,  visited  by  severe 
fine  or  probable  dismissal.  The  result  of  these  precautions,  is  that 
our  lines  are  maintained  in  first-class  electrical  condition,  as  regards 
insalatlon,  &c. 

The  poles  are  sawn  square  from  the  heart  of  the  tree,  being  for 
20  and  25  feet  poles  8"  X  8"  at  the  butt,  tapering  to  6"  X  6"  at 
the  top.  The  30  feet  and  35  feet  poles  ara  of  course  increased 
in  proportion  to  their  length. 

The  ordinary  arm  used  is  sawn  from  the  heart  of  the  Hata  tree 
iMetrosideros  Robusta).  It  is  27  inches  long,  2^  square,  and 
]iored  in  the  centre  for  bolt,  and  at  either  end  for  insulator.  It 
is  very  durable,  and  hears  an  enormous  strain.  The  insulator 
which  has  for  years  past  been  in  use  is  the  Varley  (brown  earthen- 
ware), but  this  is  being  now  quickly  superseded  by  white  Prussian 
poTcelain,  which  is  looked  upon  as  being  both  more  efficient  and 
of  greater  strength.  Its  appearance  is  also  strongly  in  its  favour. 
The  system  of  earth  wires  was  at  one  time  largely  in  use,  but  they 
proved  to  be  exceedingly  troublesome  by  causing  leakage,  and  are 
now  only  used  in  very  exposed  places  where  lightning  is  prevalent. 
The  leading-in  wires  from  the  main  lines  to  offices  consist  as  a 
rale  of  two  strands  of  No.  16  binding  wire  twisted,  forming  one 
conductor,  but  from  the  test  board  to  the  instrument  table  and 
instrument,  as  well  as  all  esternat  connections,  the  covered  wire 
G.  P.  taped  and  tarred  is  used. 

The  battery  in  general  use  is  the  Daniell  cell,  with  copper  and 
Kinc  element  and  gutta  percha  tube.  To  maintain  this  battery 
coats  about  Is.  l^d,  per  cell  per  annum.  Fuller's  bichromate 
lattery  has  been  introduced  on  some  of  our  longer  circuits, aiiiVas 
proved  very  eScient,  one  cell  being  equal  to  three  ot  t\ie'£)B.Ti\^a. 
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The  conditiou  of  every  section  of  line  is  telegraphed  to  the 
General  Manager  at  9  o'clock  every  morning,  and  entered  by  him 
ID  a  diary.  Records  of  tests  made  by  the  various  inspectors  of  the 
sections  under  their  respective  controls,  are  also  forwarded  every 
month,  and  after  examination  by  the  General  Manager  are  liled  ia 
guard  books  kept  for  the  purpose.  Besides  these  records  of  tests, 
each  inspector  renders  to  the  bead  office,  at  the  beginning  of  every 
month,  a  report  of  the  section  or  sections  of  line  in  his  district, 
setting  forth  faults  which  have  occurred  and  the  origin  of  the 
same,  also  all,  if  any,  repairs  effected  duriog  the  month  previous. 
There  are  at  prestsnt  in  the  employ  of  the  department  for  main- 
tenance purposes  five  inspectors,  two  sub  -  inspec tore,  and  fifty 
linemen.  Linemen  are  placed  at  intervals  varying  from  20  to  40 
miles,  and  when  a  fault  occurs  on  a  section  the  linemen  from  both 
ends  start  and  travel  till  they  meet. 

The  movements  of  everj'  lineman  are  reported  to  the  General 
Manager  at  head  office  as  well  as  to  the  inspector  of  hia  district. 

It  is  a  rare  occurrence  for  an  interruption  of  any  sort  to  exist 
longer  than  an  hour,  unless  when  by  bad  weather  or  swollen  rivers 
the  linemen  are  unable  to  reach  the  fault. 

At  certain  points  where  the  opening  of  a  station  was  desired  by 
the  settlers,  but  the  probable  business  not  promising  to  be  nearly 
remunerative,  and  yet  where  the  department  could,  with  advan- 
tage, utilize  a  lineman,  it  has  been  found  extremely  convenient  to 
open  what  we  call  a  "  lineman's  station,"  placing  there  a  lineman 
with  a  fair  knowledge  of  operating.  While  not  absent  on  line 
duty  his  ofllce  i.s,  of  course,  open  to  the  public,  but  when  called 
away  for  repairs,  or  any  work  connected  with  the  line,  he  locks  up 
his  office,  posting  a  notice  of  his  absence  on  line.  This  arrange- 
ment, while  meeting  the  convenience  of  the  settlers,  proves  advan- 
tageous to  the  department.  In  carrying  our  lines  through  native 
country  considerable  difficulty  is  at  times  experienced  through  the 
stubborn  opposition  of  the  natives.  This,  however,  is  generally 
successfully  overcome  by  good  tact  and  judgment  on  the  part  of 
the  officer  in  charge  of  the  works,  who  must,  if  he  wishes  to  carry 
his  undertaking  through,  exercise  the  greatest  patience,  and  under 
no  circumstances  lose  his  temper.     The  Maoriea  residing  on  the 
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■  land  throngh  which  the  line  passes  invariably  make  a  claim  for 
H   Bompensation  to  some  absurd  amount,  but  by  "chaff"  (colonial 
r  phraBe)  and  good  humour,  the  clairas  become  eventually  modified 
10  a  stick  of  tobacco,  or  something  of  equal  value. 

The  opposition,  however,  often  causes  inconvenience  and  delay 
ID  the  progress  of  the  work,  more  especially  when  the  softer  £ex 
take  up  the  imaginary  grievance.  Time  to  them  is  of  no  considera- 
tion, and  on  one  occasion  an  old  Maori  woman  squatted  herself  in 
1  post  hole,  and  held  the  position  for  Lour^^,  to  the  dismay  and  dis- 
gust of  the  construction  party.  To  overcome  native  opposition,  it 
>B  found  a  good  stroke  of  policy  to  press  tbem  into  the  service  by 
giving  them  small  contracts  for  bush  clearing,  wire  laying,  and  so 
m,  and  in  their  anxiety  to  see  their  respective  contracts  brought  to 
in  early  termination,  their  former  opposition  is  entirely  lost  sight 
of.  With  judicious  management  they  can  be  invariably  brought 
orer  to  the  right  side,  but  the  utmost  patience,  combined  with 
Ermness,  is  necessary  to  ensure  success. 

Our  system  of  working  here  ia  the  open  circuit,  and  every 
station  is  fitted  with  a  battery  cupboard,  about  7  feet  by  3  feet, 
with  shelves  containing  the  line  and  local  batteries,  the  former 
cnnsiating  of  from  40  to  60  cells,  according  to  the  length  of  circuit, 
and  the  latter  of  10  cells. 

The  duplex  upon  Dr.  Lemon's  syslem  is  now  worked  upon  the 
No.  1  cable  (42  miles),  No.  4  cable  (42  miles),  Wellington  to 
Xapier  (221  miles),  Blenheim  to  Uhristchurch  (206  miles),  Blen- 
hoita  to  Dunedin  (iC>l  miles),  Cbristchurch  to  Dunedin  (255  miles), 
Dunedin  to  lavercargill  (134  niiles)i  and  Napier  to  Auckland  (346 
miles).  Experiments  upon  the  quadruplex  have  been  made  with 
every  degree  of  success,  and  this  system  will  be  introduced  for 
practical  working  as  soon  as  certain  instruments  now  ordered 
arrive. 

The  Morse  sounder  is  the  instrument  in  general  use,  but  the 
simpler  form  of  sjunder  is  now  being  largely  availed  of  at  all  the 
principal  stations. 

We  have  at  present  two  cables  connecting  the  Korth  and  South 
Islands — the  No.  1,  containing  three  conductors,  and  the  No,  2 
fwhich  was  laid  in  March,  1877),  1  conductor.     The  Voni:'.eT,-wV\cV 
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was  laid  in  1866,  was  broken  in,  December,  1875,  and  was  repaired 
in  January  of  tbe  following  yea.r.  .  This  is  the  only  total  interrup. 
tion  which  has  occurred  since  its  being  laid.  The  No  3  conductor 
within  the  No.  1  cable  has  now  become  entirely  interrupted,  and 
steps  are  being  taken  towards  obtaining  a  second  alternate  cable, 
as  it  is  looked  upon  as  being  extremely  probable  that  tbe  other 
two  conductors  will  give  out  at  an  early  date.  From  a  series  ol 
tests  taken,  it  is  proved  beyond  a  doubt  that  the  interruption  tc 
the  No.  3  conductor  is  at  the  precise  spot  where  the  old  break 
occurred,  and  where  the  cable  was  spliced.  The  cables  run  from 
Lyell's  Bay  on  the  north,  to  White's  Bay  on  the  south  side,  and 
at  either  end  are  cable  stations,  properly  fitted  with  lightning 
guards  and  testing  apparatus.  The  cables  are  tested  not  less  than 
once  every  month,  this  duty  being  performed  by  tbe  General 
Manager  himself  in  the  early  morning,  prior  to  the  opening  of 
stations.  AH  cable  work  is  taken  off  at  the  Blenheim  Station, 
and  re- transmitted.  For  many  years  the  transmitting  staff  was 
kept  at  the  White's  Bay  Statioa,  but  it  was  deemed  more  ,convenient 
to  transfer  it  to  Blenheim,  some  7  miles  distant,  placing  a  lineman 
in  charge  of  White's  Bay,  to  earth  the  cables  in  tbe  event  of 
lightning.  The  Lyell'a  Bay  Station  is  only  3  miles  distant  from 
the  chief  station  at  Wellington. 

The  railways  have  now  made  such  headway  in  this  colony,  that 
in  the  South  Island  a  separate  telegraph  service  for  railway  pur. 
poses,  entirely  distinct  from  our  general  system,  is  being  organised. 
The  charge  of  this  service  has  been  entrusted  to  an  officer,  Mr. 
Floyd,  for  some  years  connected  with  this  department,  and  who 
had  some  considerable  experieuce  in  railway  telegraphy  in  England. 
Having  only  just  entered  upon  the  duties,  he  has  of  course  not 
yet  made  much  progress,  but  in  the  course  of  twelve  months,  I 
anticipate  be  will  have  his  arrangements  nearly  completed.  In 
the  meantime,  our  wires  are  placed  at  their  disposal  for  train  sig- 
nalling when  necessary.  It  must  not  be  understood  from  tiiis  that 
they  are  entirely  without  railway  wires  proper,  as  they  have  two 
wires  extending  from  Cbristchurch  to  Cunedin,  and  one  from 
Dunedin  to  Invercargill,  but  tfaey  Lave  not  yet  got  their  own 
complete  staff  of  .operators,  linemen,  repairers,  &c,,  and  tbe  wires 
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they  are  now  using  are  carried  oq  the  poles  bearing  our  main  wires. 

In  the  North  Island  the  railway  telegraph  system  is  caiTied  ou  the 

lines  and   worked   by  the  officers   of   this  department,  and  will 

continue  to  be  so  worked  until  the  further  extension  of  railways 

and  frequency  of  trains  render  an  independent  system  necessary. 

The  bead  office  of  our  department  is  at  Wellington,  the  capital 

■  town  of  tho  Colony,  our  administrative  head  being  the  minister 

holding  the  portfolio  of  Telegraph  Commissioner.     Our  executive 

chief  is  the  general  manager,  Dr.  Clias.  Lemon,  whose  name  no 

doubt  will  be  familiar  to  many  Members  of  the  Society  of  Tele- 

^nph  Engineers, 

k      The  introduction  of  ladies  as  operators  was,  in  the  first  instance, 

P^urely  experhnental,  and  the  result  has  not  proved  so  successful  as 

'to  render  their  further  admission  desirable.     As  operators,  the  per 

centage  of  females  who  become  proficient  is  far  less  than  that  of 

the  boys,  and  only  in  one  instance  has  it  occurred  that  a  female 

has  become  a  really  first-class  operator. 

Our  first-clnsa  operators  send  and  receive  on  an  average  from 
1,000  to  1,500  worda  per  hour,  second-class  operators  about  750  to 
1,000  words  per  hour ;  this  is  the  rate  averaging  their  work  for  the 
day.    The  salary  paid  to  cadets  upon  entrj-  is  £7G  per  annum,  £80 
ia  sis  months,  £90  in  twelve  months,  and  £100  per  annum  in  two 
years  ;  their  progress  after  that  is  .entirely  dependent  on  their  own 
conduct  and  efficiency.     The  average  quantity  of  press  work  sent 
from  and  received  at  our  central  station  numbers  from  76,000  to 
80,000  words  per  day ;  this  is  independent  of  press  matter  ex- 
changed  between  other    stations     and   not  sent  to   Wellington. 
^^ating  the  week  ended  the  2nd  August  the  number  of  telegrams 
^■Nit  from  the  chief  stations  was  as  follows :  Wellington,  4,995  ; 
H^onedin,  2,166;  Auckland,  2,199  ;  and  Christchurch,  1,695. 
^■i    Our  great  anxiety  is  to  keep  the  press  off  the  wires  as  much  as 
^■ossihle  daring  the  day,  by  offering  special  advantages  and  con- 
H^BBsions  after  hours  ;  but,  unfortunately,  while  thus  succeeding  to 
^pieet  the  requirements  of  the  morning  papers  we  cannot  get  rid  o£ 
HUie  evening  papers,  and  from  what  I  have  already  stated  with 
^pegard  to  th^  allowances  made  to  evening  papers  it  will  be  readily 
BiBn  that  the  capacity  of  our  wires  is  taxed  to  t\\e  uXmog^  .  ^^^ 
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result  of  this  extreme  pressure  is  that  the  opemton!  are  kept  at 
their  highest  speed  nearly  all  day  long,  and  correctness  is  to  a 
certain  extent  Bacrificed  to  rapid  transmission.  Our  errors,  how- 
ever, are  not  so  very  numurous,  ta,king  into  consideration  the  quantity 
of  work  put  through.  Some  of  our  chief  sources  of  error  are 
indistinct  writing  in  the  original  message,  use  of  figures,  and  the 
use  of  "coined"  words  for  cipher  words,  which  do  not  give  a 
receiving  operator  the  slightest  chance  to  render  them  correctly. 
An  endeavour  has  lately  been  made  to  get  the  banks  to  adopt 
a  cipher  consisting  of  simple  words  compiled  from  the  latest  stan. 
dard  dictionary,  and  Fam  in  hopes  that  it  will  yet  be  adopted.  I 
feel  certain  they  will  not  regret  the  change. 

All  original  messages,  and  the  top  copy  of  received  messages, 
are,  as  I  have  already  stated,  forwarded  to  head  office,  and  after 
being  kept  for  two  years  they  are  destroyed.  The  copy  of  any 
message  dated  within  two  years  may  be  obtained  on  application 
at  head  office,  the  churge  for  which  is  one  shilling,  in  addition 
to  a  search  fee  of  two  shillings  and  sixpence  per  hour.  This  latter 
charge  is  necessary  to  secure  the  department  from  absolute  loss,  as 
it  is  found  that  in  nearly  50  per  cent,  of  the  applications  made  for 
copies,  the  information  given  as  to  date,  &c.,  is  wrong,  and  there- 
fore causes  considerable  loss  of  lime  to  the  officer  whow  duty  it  is 
to  make  these  searches.  The  old  forms  are  profitably  disposed  of 
to  our  colonial  paper  mills.  The  hours  for  which  the  principal  and 
second  class  stations  are  opened  to  the  public  are  from  8  a.m.  till  j 
8  p.m.,  and  at  other  lesser  important  stations,  from  9  a.m.  to  5  p.m.,  M 
Sundays  and  holidays  excepted,  when  the  hours  are  from  10  a.m.'TJ 
till  10.30  a.m.,  and  from  5  p.m..  till  5.30  p.m.,  double  rates  being 
charged. 

Communication  by  telephone  on  private  wires  has  within  the 
last  year  or  two  come  largely  into  use,  and  is  adopted  by  many  of 
our  leading  merchants,  who  have  their  chief  places  of  business 
and  detached  warehouseB  connected.     Siemens"  dial  instruments  for  i, 
private  use  are  also  becoming  very  popular,  and  the  departmenfeij 
has  undertaken  within  late  months,  the  erection  of  some  twelve  otM 
fifteen  private  wires,  varying  in  length  from  one  to  five  miles. 
Our   system  of   tire   alarm  is  not  so  perfect  as  that  of  our 
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American  friends,  but  in  our  chief  towns  tlie  various  fire  brigade 
stations  and  the  prinr.ipal  Government  buildinga  are  connected. 
At  Wellington  there  is  a  watch  tower  standing  on  a  high  and  com- 
manding position,  which  is  in  telegraphic  communication  with  each 
fire  brigade  station,  and  also  the  police  station,  and  on  the  first 
appearance  of  lire,  the  alarm  and  locality  is  immediately  sigualled 
to  each  station,  where  horses  are  kept  in  readiness  day  and  night 
for  immediate  action. 

The  New  Zealand  station  of  the  Eastern  Extension  Company 
is  at  a  place  called  Wakapuaka,  a  picturesque  inlet  from  Blind 
Bay,  and  abont  five  miles  north  of  the  city  of  Nelson  by  water, 
fourteen  miles  by  land.  Wakapuaka  is  the  landing  place  of  the  New 
Zealand  and  Australian  cable,  and  here  all  messages  ore  lianded 
over  to  and  by  our  department  for  further  transmission.  Tlie  staff 
of  the  cable  authorities  consists  of  a  superintendent  and  three 
assistants,  while  that  of  this  department  consists  of  an  officer  in 
liharge,  and  one  first  class  operator.  The  two  administrations, 
■Ithongh  under  one  roof,  are  entirely  separate  and  distinct.  The 
instrumentfi  nsed  on  the  cable  are  the  mirror  and  the  siphon 
IBcorder. 

As  the  English  telegrams  generally  reach  Sydney  after  mid. 
night,  a  special  service  is  now  in  vogue  whereby  these  telegrams 
may  be  sent  on,  without  remaining  till  the  ordinary  honrs  next 
(lay. 

The  cable  operator  has  an  alarm  clock  set  to  give  the  alarm  at 
&  certain  hour. 

On  the  arrival  of  the  messages  from  Sydney  he  rings  up  our 
operator,  who  in  his  turn  rings  up  the  night  operator  at  Blenheim. 
Blenheim  then  rings  np  Chrisfchurch,  on  the  south  circuit,  and 
Wellington  on  the  north,  who  then  ring  up  Dunedin  and  inter- 
vening special  stations,  and  Napier  and  Auckland  respectively. 
At  all  these  special  stations,  the  bell  is  put  in  circuit  by  the  night 
operator,  who  sleeps  within  hearing  of  it.  The  work  sent  through 
is  only  press  work  for  the  morning  papers,  and  does  not  generally 
occupy  stations  longer  than  a  half  hour  in  transmission. 

I  have  now  touched  on  nearly  all  the  main  points  in  connection 
with  the  general  working  of  our  colonial  system,  and,  in  ccnic\\ia\Q"a, 
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■will  oniy  express  the  liope  that  I  have  succeeded  in  affording  some 
little  interesting  information  respecting  one  of  our  New  Zealand 
institutions,  and  of  bringing  our  little  Colony  prominently  before 
our  friends  in  England. 


The  Pbesident  :  Mr.  Maginnity's  paper  illustrates  one  of  the 
great  uses  of  this  Society,  viz.,  that  by  which  ive  attract  informa. 
tiou,  opinions,  and  discussions  from  all  parts  of  the  world.  He 
speaks  of  the  employment  of  females  not  being  satisfactory.  This 
is  not  so  in  England,  where  female  operators  are  employed  to  a  very 
large  extent,  and  where  it  is  found  that  their  nimble  fingers  and 
rapid  writing  are  most  useful.  Not  only  in  telegraphy  is  this 
the  case,  but  railway  companies  and  insurance  offices  find  it  advan- 
tageous to  employ  females,  who  are  patient,  steady,  attentive,  and 
sit  by  their  instrument  or  desk  all  day  long  (iilling  up  spare 
moments  with  their  woolwork),  while  the  boy  clerk  would  be  im- 
patient and  eager  for  outdoor  amusement.  As  regards  the  won- 
derful facilities  offered  in  New  Zealand  to  the  Press,  I  would  point 
out  that  while  there  they  allow  25  words  to  go  for  sixpence,  after  five 
o'clock,  in  England  we  are  compelled  to  accept  one  hundred  words 
for  twopence.  This  low  rate  causes  the  amount  of  news  handed  in 
to  be  overwhelming.  It  is  worth  noting  that  nearly  a  million, 
words  of  news  are  delivered  every  day  in  towns  in  the  United 
Kingdom.  Every  town  with  a  daily  paper  receives  its  portion  of 
news  direct  from  London,  either  parliamentary  debate,  election 
news,  or  general  items  of  interest,  and  few  people  think  of  the 
wonderful  machine  by  which  all  this  is  brought  about  at  the 
exceedingly  low  rate  I  have  mentioned. 

Ab  another  instance  of  the  utility  of  our  Society,  I  may  meii^ 
tion  that  the  idea  of  utilizing  old  rails  for  telegraph  posts  having 
been  described  in  this  room  in  a  paper  communicated  by  Mr.  Davids, 
Associate  (a  Telegraphic  Engineer  resident  in  Brazil),  who  found 
that  such  material,  when  available,  was  very  useful  for  the  purpose, 
was  published  in  our  Journal  and  read  in  New  Zealand.  There,  as 
learn  by  letter,  the  idea  was  grasped  and  acted  on,  thereby  one  ^ 
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the  prime  objects  o£  the  Society  in  disseminating  useful  information 
being  carried  out. 

Mr,  A.  J.  S.  Adams  supported  that  part  of  Mr.  Maginnity's 
paper  referring  to  obstructiveness,  and  the  difficulties  raised  on  the 
part  of  the  natives  to  the  carrying  out  of  telegraphs.  When  lines 
were  being  erected  in  Persia  he  had  found  that  Mohammedans 
would  not  work  with  tools  which  were  made  up  of  auy  part  of 
animals  "unclean"  according  to  their  faith,  and  that  upon  one 
occasion  the  workmen  threw  down  the  paint  brushes  they  were 
using  upon  discovering  that  they  were  made  of  pig  bristles.  As 
neither  coaxing  nor  threats  overcame  the  difficulty,  it  became 
necessary  to  employ  Armenians,  who  had  no  such  religious 
BOruples.  Upon  another  occasion  the  erection  of  a  local  wire  at 
Tabreez  had  to  be  abandoned  after  several  attempts,  because  the 

'  natives  so  strongly  objected  to  it,  and  pulled  the  wire  down  as  fast 
it  was  put  up. 
Mr.  A,  Siemens,    following  the  same  point  aa  the   previous 

[  speaker,  could  also  testify  as  to  the  difficulties  met  with  in  foreign 
parts.  When  he  was  engaged  ou  the  line  of  the  Indo-European 
Company  between  Djulfa  arid  Tabreez  he  found  it  necessary  to 
intimidate  the  natives,  who  rather  fancied  the  wire  for  various 
porpoBes.  He  was  able  to  do  this  in  a  very  effectual  manner,  for 
having  found  that  at  that  time  of  the  year  there  was  a  thunder. 
storm  nearly  every  afternoon,  during  which  the  line,  being  insulated, 
was  charged  by  induction,  he  brought  about  a  gathering  of  the 
Datives  and  persuaded  one  of  their  notables  to  ascend  a  ladder  and 
touch  the  wire,  saying  the  wire  would  dei'end  itself.  On  doing  so, 
tjie  man  received  such  a  shock  that  be  fell  down  the  ladder,  and 
the  wire  was  considered  after  that  by  the  natives  as  being 
bewitched. 

A  vote  of  .thanks  was  then  accorded  to  Mr.  Maginnity  for  his 
paper. 
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The  PfiESIDEKT  read  the  following : — 

ON  THE  DURABILITY  OF  SOME  IRON  WIRE. 
By  WlLLl-\M  Hesey  Preece  (President). 

In  the  interesting  electrical  researches  which  M.  Gaston  Plants 
is  making  with  his  "  rheoatatic  machine  "• — a  machine  by  which  the 
charge  of  80  condensers  can  be  discharged  either  in  "  series"  or  in 
"multiple  arc,"  and  thus  very  powerful  etfects  of  "intensity" 
and  "  quantity  "  be  produced-^he  has  ehown  that  the  discharge  of 
great  quantities  of  electricity  through  fine  wires  renders  them  very 
brittle.  Peltier  and  other  ob>:ervora  have  remarked  on  this  effect  of 
currents,  but  the  practical  experience  of  Telegraph  Engineers  has 
scarcely  borne  out  tliis  observation,  probably  becauiie  the  ordinary 
currents  employed  in  telegraphy  are  too  feeble  to  produce  any 
evident  effects. 

Lightning  conductors,  however,  according  to  M.  Planti,',  ought 
to  give  some  evidence  of  tliis  action,  for  they  at  times  convey  very 
powerful  charges  of  electricity,  and  upon  the  authority  of  M.  Cal- 
laud,  he  asserts  that  lightning  rods  are  frequently  found  very 
brittle.  He  attributes  to  this  cause  many  accidents  to  such  con. 
ductors  apparently  in  perfect  order.  The  observations  apply 
equally  to  iron  as  to  copper. 

Though  the  effects  on  telegraph  wires  may  be  uuobstrvable  on 
account  of  the  minuteness  of  the  currents  used,  nevertheless  long 
continued  application  raight  result  in  a  different  conclusion. 

Four  wires  were  erected  oil  the  Londiiu  and  South  Western 
Railway,  between  Nine  Elms  and  Gosport  in  the  year  1844,  They 
have  thus  been  in  iuce-ssant  use  for  30  years.  At  my  request,  Mr, 
Goldstone  (member)  cut  out  a  span  of  this  old  wire  between  Bishop- 
stoke  and  Botley,  in  Hampshire.  "It  seemed  to  me,"  says  Mr. 
Goldstone,  "  hardly  so  goofl  as  some  that  niiglit  be  looked  out,  but 
it  was  in  fair  condition."  Unfortunately,  we  have  no  recorded 
apecification  of  this  wiro,  but  we  know  that  it  was  No.  8  B,  W  G., 
and  of  the  very  best  charcoal  wire  that  could  be  procured  and 
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gaivaiiized.  Nor  wore  electrical  measurements  known  in  those 
dayB,  so  that  we  have  no  knowledge  of  its  original  resistance.  But 
tbe  present  dimensions,  rosistaQco,  and  mecbauical  strength  may 
help  us  "  to  point  a  moral." 


The  length  of  the  wire  is     ... 

...     69-333  yards. 

The  diameter       „         „ 

■175  inch. 

The  weight           „         „ 

...     16-268  lbs. 

=  412-96    lbs.  per  mile. 

The  resistance  at  60°  Fahr..., 

■528'^. 

,, 

=     12-898"'  per  mile. 



=       l-SSd""  per  foot  grain. 

Breaking 

Weight.             Stretch  %, 

The  tensile  strength,  No.  1  Teat 

...    1,189  lbs.             16-5 

No.  2    „ 

...    1,110   „               15 

Torsion  6  inch  length,  No.  I     „         ...    13i  twists. 
No.  2     „         ...    lOi     „ 

There  is  not  a  trace  of  galvanization  left.  Tbe  sample  was 
mach  rusted,  so  that  it  was  difficult  to  gauge  it  accurately,  but  175 
mils  is  a  fair  mean  of  tbe  diameter,  and  it  sbows  that  the  original 
wire  was  a  full  size  No.  8 — indeed,  nearly  a  No.  7.  It  shows  also 
that  the  36  yeai-s'  action  of  tbe  atmosphere  has  liad  but  a  very 
small  destructive  effect  for  the  thin  coating  of  oxide  upon  it  is 
perhaps  the  only  loss  it  has  sustained.  It  probably  retains  its 
original  weight,  l^is  rust  makes  it  impossible  to  get  at  its  exact 
resistance  per  foot  grain,  for  it  adds  to  the  weight  without  reducing 
the  resistance.  The  wire  that  is  now  sunplied  on  the  Post  Office 
specincation  ranges  between  113*^  and  115"'  per  foot  grain,  while 
the  wire  previouslyaupplied,  withoatspeciFying  resistance  per  mile, 
used  to  be  l-Sl"  per  foot  grain.  This  sample  measures  1-389"') 
which  is  probably  too  high,  owing  to  the  oxide  formed,  but  it  shows 
that  tbe  wire  must  originally  have  been  remarkably  good,  and 
that  its  36  years'  continuous  service  has  not  affected  its  electrical 
qoalitiea. 

All  the  mechanical  tests  also  show  thai  it  must  have  bt^en  of 
excelleot  quality.  The  atretch  is  notable  after  having  been  swinging 
forso  DiftD;  years.     The  tensile  and  torsion  test-pieces  has'mo  bti%\i. 
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taken,  one  of  each  from  each  end  oi'  the  spare  length,  that  is  from 
points  where  the  atreas  being  greatest  would  canse  a  considerable 
reduction  in  the  original  ductility  of  the  wire.  It  is  still  quite 
equal  to  the  wire  we  purchase  now. 

Anyhow,  the  result  of  the  examination  is  to  show  conclusively 
that  36  years  of  incessant  service  in  conveying  the  currents  used 
for  ordinary  telegraphy  have  not  materially  altered  the  molecular 
structure  of  the  iron  wire.  The  brittleness  arising  from  the  sudden 
conduction  of  powerful  currents  of  electricity  does  not  appear  to 
bo  produced  by  the  long  continued  application  of  the  minute 
currents  used  in  telegraphy  in  iron  wire. 

What  tlie  effect  in  copper  wire  may  be  remains  to  be  found 
out.  Scliriider  van  der  Kolk  stated  that  the  resistance  of  copper 
varies  when  weak  currents  have  passed  through  it  for  some  time, 
but  Matthiessen  tried  to  verify  this  fact  without  success.  His 
experiment,  however,  lasted  for  only  six  days,  and  the  current  was 
a  constant  one  from  two  Euasen  cells.*  It  has  often  been  asserted 
that  the  insulated  wire  of  apparatus  becomes  brittle  after  long  and 
continued  use,  but  I  have  not  yet  succeeded  in  obtaining  any 
authentic  fact  to  verify  this  statement. 

This  is  a  very  useful  field  for  enquiry  by  the  members  of  the 
Society.  The  measurements  and  tests  referred  to  in  this  paper 
were  made  for  me  by  Mr.  Andrew  Bell. 


1 


Mr.  Stkabks  ;  Said  ho  had  had  very  little  experience  with  iron 
wire,  but  had  been  informed  when  purchasing  brass  or  copper  wire, 
that  either  kind  became  brittle  after  hanging,  without  currents  of 
electricity  ever  being  brought  near  it, 

Mr.  Stkoh  :  Agreed  with  the  foregoing,  and  said  that  the 
brittleness  produced  in  brass  and  copper  wire  in  a  short  time  by 
simple  atmospheric  action  was  almost  incredible.  Had  had  no 
experience  with  iron  wire. 

Mr.  Adams  :  Asserted  that  a  brass  spring  in  his  possession, 
which  had  been  simply  hanging  in  a  dry  place  for  some  time,  was 
easily  snapped  owing  to  its  brittleness. 


II 
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Mr.  Vox  Teedenfeld  :  Asked  what  was  the  average  duration 
rf  iron  wire  in  England. 

rhe  Peesident  :  It  depends  entirely  upon  the  locality.  In 
smoky  places  or  in  the  neighbourhood  of  manufactories  where  the 
air  is  satarated  with  chemicals  (as  at  Widnes,  near  Liverpool) 
g&lvattiseii  iron  wire  comes  to  au  untimely  end  in  a  very  short  time 
after  ite  erection.  In  clean  agricultural  districts,  such  as  Harap- 
Eihire,  where  the  atmosphere  is  untainted  with  deleterious  gases, 
iron  wire  would  last,  he  could  not  say  how  long.  The  coil  hefore 
them  had  been  up  for  thirty-six  years,  and  was  practically  as  good 
as  the  day  it  was  put  up.  Locality  regulated  the  durability  of 
uncovered  wire. 

Mr.  Von  Tredenfeld  :  Asked  the  question  because  the  question 
of  durability  seems  to  him  to  be  a  chemical  one.  He  thought  it 
would  be  very  interesting  to  have  ac  analysis  of  iron  wire  tliat  had 
lasted,  a  length  of  time,  to  ascertain  in  what  respects  the  samples 
which  had  stood  the  best  differed  from  the  rest,  and  then  chemi- 
cally to  obtEun  a  quality  of  iron  of  uniform  durabUily, 

Mr.  A.  Bell  verified  the  remarks  of  Mr.  Stearns  and  Mr.  Strob, 
as  he  had  noticed  that  a  coil  of  copper  wire  banging  in  a  workshoji, 
subject  only  to  the  ordinary  atmospheric  action  of  such  a  place, 
and  without  being  used  for  the  purpose  of  conveying  currents  of 
electricity,  became  brittle,  but  from  what  cause  be  had  not  been 
able  to  6nd  out.  As  to  the  durabiUty  of  the  wire,  and  in  answer 
to  Mr.  Treuenfold,  ho  stated  that  the  better  the  quality  of  the  iron 
wire,  the  better  it  could  be  galvanized,  and  its  durability  so  pro- 
longed. In  places  where  the  air  was  full  of  sulphurous  or  other 
acids  the  galvanized  coating  was  quickly  destroyed.  The  sample 
referred  to  in  the  note  had  probably  been  erected  in  a  place  where 
the  air  was  comparatively  pure. 

Professor  Hug  HE  a  explained  recent  experiments  be  had  made 
which  toucLed  upon  this  poiut.  Steel  wire  or  rods  of  about  1.16ih 
diameter  were  placed  for  a  short  time  in  a  .solution  of  sulphuric 
acid  containing  10  per  cent,  of  acid,  The^e  became  almost  as 
brittle  as  glass.  Other  pieces  being  partially  immersed  were  brittle 
in  that   part   only  that  had   been   in   the  acid,  the  other  part 
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remaming  perfectly  pliable^ — numerous  trials  gave  invariably  the 
same  result.  Iron  wire  of  about  jth  of  an  inch  thick  remaining  in 
the  solution  for  about  fifteen  minutes  was  acted  upon  in  the  same 
manner,  and  to  such  an  extent  that  it  became  quite  rotten.  Wire 
having  been  made  brittle  by  such  action  could  be  restored  to  its 
former  ductility  by  the  Hame  of  a  spirit  lamp.  On  mentioning  this 
curious  fact  to  Mr.  Chandler  Roberts,  that  gentleman  supposed  that 
the  brittleness  was  due  to  an  absorption  of  hydrogen  :  individually, 
he  was  inclined  to  think  that  the  change  was  one  of  molecular 
structure ;  future  experiments,  however,  would  more  clearly  give  the 
reasons,  but  there  was  no  doubt  as  to  the  fant  itself.  To  ascertain 
whether  an  electric  current  would  have  a  similar  effect  upon  wires, 
two  steel  wires  were  placed  in  a  glass  of  water  and  a  current 
passed  through  them.  Bubbles  of  hydrogen  were  given  off,  but 
although  the  current  wan  kept  on  for  some  time,  no  difference 
whatever  appeared  in  the  wires.  Thus,  acid  produced  brittleness, 
which  was  not  the  case  with  a  battery  current. 

The  Pbesident  ;  The  general  theory  given  \a  account  for  the 
rapid  decay  of  wire  in  the  neighbourhood  of  towns  is,  that  the 
sulphurous  acid  in  the  air  combines  with  the  oxide  of  zinc  formed 
on  the  wire,  producing  a  sulphate  of  zinc  which,  being  soluble,  ia 
washed  away  by  the  first  .shower  of  rain,  leaving  the  action  to  be 
repeated  and  continued  till  decay  is  complete.  With  regard  to 
wire  used  indoors,  he  might  say  that  he  bad  suffered  from  the 
disastrous  effects  of  brass  wire  used  for  hanging  pictures  becoming 
brittle  and  prematurely  giving  way. 

A  vote  of  thanks  to  the  President  for  his  note  was  proposed  by 
Professor  HugbeS,  who  said  it  was  very  gratifying  to  find  that 
iron  wire  lasted  so  long,  He  had  been  under  the  impression  that 
it  deteriorated  more  rapidly,  and  had  never  heard  of  such  a  case  of 
longevity  of  wire.  He  had  often  noticed  battery  wires  breaking, 
and  attributed  it  to  some  molecular  change  taking  place  in  the 
copper  wire.  He  bad  not  investigated  the  matter,  but  it  was  very 
satisfactory  to  know  of  a  case  of  long  life  of  wire  such  as  brought 
to  notice  by  Mr.  Preece. 

Mr.  WiLLOUQHBY  Smith,  in   seconding  the   vote   of  thanks, 
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remarked  that  his  experience  of  iron  wire  was  limited,  but  that  of 
copper  and  alloys  somewhat  extensive.  He  had  reason  to  believe 
&sX  wires  made  from  alloys  of  metals  did  change  with  time,  and 
often  became  brittle.  He  had  a  large  resistance  coil,  consisting 
of  fine  German  silver  wire  covered  with  gutta  percha,  which,  after 
being  in  use  for  several  years,  became  defective,  and  on  being 
examined,  the  wire  was  found  to  be  brittle  throughout  its  entire 
length,  Dr,  Matthiessen  supplied  him  with  a  standard  resistance, 
made  of  wire  drawn  from  an  alloy  of  gold  and  silver.  This  soon 
(ailed  on  account  of  the  brittleness  of  the  wire. 

It  was  a  well-known  fact,  that  if  due  care  was  not  taken  in  the 
manufacture  of  wires,  even  of  pure  metal,  especially  in  the 
annealing,  they  would  he  brittle;  but  a  wire  properly  manufactured 
in  the  first  instance — whether  of  iron  or  copper — would  not,  under 
ordinary  circumstances,  become  so.  If  submitted  to  a  high  tern. 
perature  and  sulphurous  fumes  it  lost  its  teuacity,  and  it  was  well 
known  that  a  copper  wire  covered  with  india  rubber,  and  subjected 
to  the  vulcanizing  process,  was  almost  sure  to  become  brittle  after  a 
very  sliort  time. 

The  President  :  I  will  just  add  another  fact  in  confirmation 
of  what  I  have  previously  said,  and  that  i.s,  that  nearly  all  the 
wire  erected  in  iho  year  1844.5  over  the  South  Western,  South 
Eastern,  and  Great  Eastern  Bailways  is  still  up ;  and,  indeed,  ever 
since  the  introduction  of  telegraphs,  the  only  wire  which  baa 
required  renewal  through  decay  is  that  erected  in  the  neighbour- 
hood of  towns  and  manufactories  where  the  air  is  full  of  acids :  in 
the  open  country  the  original  wire  put  up  in  the  early  days  of 
telegraphy  has  attained  a  good  old  age,  and  perhaps  much  of  it 
will  still  exist  when  we  do  not. 

The  vote  of  thanks  was  carried  by  acclamation,  after  which  the 
Secbetaby  read  the  next  paper, 
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MORSE  SIGNALLING  BY  MAGNETO  -  ELECTRIC 

CDRRENTS. 

By  A.  Eden,  Associate. 

About  the  end  of  1878,  while  experimenting  with  a  different 
end  in  view,  the  idea  suggested  iiself  that  the  magneto- electric 
transmitting  apparatus  of  an  ordinary  alphabetical  Bignalling 
instrument  might  be  made  to  furoish  two  distinct  and  con- 
tinuous currents  of  oppnaito  signs,  and  of  sufficient  strength  to 
work  a  Morse  circuit  either  on  the  single  or  the  double  current 
system.  A  commutator  to  reverse  the  cmnections  at  the  proper 
moment  would,  of  course,  have  eflected  the  aeparation  of  the 
positive  and  negative  currents;  but  as  this,  from  circumstances* 
was  inadmissible,  the  following  arrangement  was  m^de : — 


A  Siemens'  "communicator,"  S,  a  resistance,  R,  of  about  22,O0fl 
ohms,  and  a  "Stroh  "  relay,  K.  were  joined  up  in  circuit— carti 
being  used  at  each  end — as  shown  in  the  diagram. 

The  "  communicator  "  contained,  as  i-i  usual,  several  pernianeal 
magnets  and  a  Siemens'  armature  rotating  between  their  poles 
The  rotation  produced,  of  course,  alierriale  positive  and  negative 
currents  through  the  circuit,  and  kept  ti.e  tongue  of  the  relaj 
in  continual  vibration  between  its  back  aod  front  contact- points 
1  and  2. 

By  connecting  these  contact  points  to  separate  external  circuits 
and  joining  a  wire,  a.  from  the  main  circuit  to  the  relay-magn* 
itself,  it  is  obvious  that  each  time  the  magnet  made  contact  witt 
either  stop  it  offered  an  alternative  path,  ur  shunt,  to  the  cui 
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tLen  existing,  which  would  be  "pasitive"  when  touching  one  of 
the  stops,  and  "  negative  "  when  touching  the  other. 

A  very  brief  interval  must  elapse  between  the  establishment 
of  (aay)  a  "  negative  "  current  and  the  disconnection  of  the  magnet 
from  the  "  positive  "  atop,  which,  no  doubt,  allows  a  miiiute  quantity 
of  the  reverse  polarity  to  escitpe  from  each  "stop,"  but  this 
amount  is  so  small  that  (practically)  wo  get  a  very  rapid  succession 
of  "positive"  currents,  or  impulses,  from  one  point,  and  of 
"negative  "  currents  from  the  other. 

To  fill  up  the  minute  interval  between  those  currents  and  to 
increase  the  "  quantity  "  if  possible,  a  condenser,  c,  was  attached 
to  each  of  these  diverging  circuits,  the  disc!iarge  from  which  occurs 
while  the  tongue  of  the  relay  is  passing  to  the  opposite  ccntaot- 
point. 

In  effect,  then,  we  have  a  continuous  "positive"  current 
coming  from  one  relay-stop,  and  a  continuous  "negative  "  from 
Ae  other.  These  currents  can  be  used  for  double  .  current 
ugnallin;;,  or  independently  for  single -current  transmission  on 
different  lines. 

The  current  coming  from  each  relay-stop  was  found  equal  to 
nbout  100  Daniell  cells,  with  an  armature  speed  of  (13  X  HO) 
1,430  revolutions  per  minute. 

The  "positive"  and  "negative"  wires  are  here  quite  inde. 
petident  of  each  other ;  while  using  one,  the  other  may  be  discon. 
oected,  or  to  earth,  without  affecting  the  current  flowing  through 
lie  wire  in  use,  the  force  being  thus  equal  to  200  Daniell  cells,  if 
used  separately  for  single-current  transmission. 

By  joining  the  "positive"  and  "negative"  wires  to  a  post- 
nffice  "  double- current  "  key,  messages  were  sent  from  Edinburgh 
lo  London  (on  a  wet  night)  with  as  much  facility  as  if  by  galvanic 
uloctricity. 

On  another  occasion,  in  frosty  weather,  a  loop  of  308  miles  of 
number  eight  gauge  wire  was  made  up,  and,  using  the  "  negative  " 
wire  alone,  signals  were  transmitted  by  single  current,  and  good 
marks  wjre  registered  (without  any  local  relay)  on  a  "  Direct 
Writer  "  of  the  usual  pattern. 

The  current  received  from  the  "positive"  or  "negative"  s\»^a 
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was  equal  to  22  miUiwebers  (without  the  condenser  only  1S"8),  and 
after  passing  through  this  loop  of  308  miles,  11  milliwebers  were 
received.  This  does  not  mean  that  a  loaa  of  11  milliwebers  occurred 
on  the  line,  but  that  the  resistance  of  the  loop  line  referred  to  was 
nearly  equal  to  the  apparent  iuteraal  resistance  of  the  generating 
circuit.  The  added  line  resistance,  and  the  leakage  at  the 
insulators,  together  reduced  the  current  to  11  milliwebers. 

The  manual  labour  involved  in  the  rotation  of  the  armature- 
coil  prevented  the  trials  being  extended  to  automatic  transmission 
at  high  speeds,  and  when,  as  in  this  case,  the  driving-wheel  rate  of 
revolution  frequently  varied  from  90  to  110  per  minute,  the  results 
were  satisfactory.  The  rate  of  rotation  and  the  rapidity  of  the 
contacts  had  a  considerable  influence  on  the  amount  of  current 
produced. 

At  this  stage  the  attention  of  jout  present  President  waa 
directed  to  these  esperimen£a,  and  he  carefully  verified  these 
observation^,  using  steam-power,  similar  instruments  and  con- 
nections. 

Mr.  Kempe,  who  conducted  the  experiments,  states  that  "  with 
a  speed  given  to  the  armature  of  about  500  revolutions  per  minute, 
two  circuits  of  3,000  ohms  resistance  each  could  be  worked  per- 
fectly. The  current  obtained  from  the  machine,  on  short  circuit, 
when  running  at  the  rate  of  400  revolutions  per  minute,  was  18 
milliwebers.  At  200  to  300  revolutions  this  was  increased  to 
18"5,  hut  with  a  higher  velocity,  viz.,  50O  revolutions,  the  current 
given  was  18  milliwebers,  showing  that  at  a  very  high  velocity  the 
current  tends  to  diminish,  probably  from  the  action  of  the  relay 
not  being  so  prompt  as  at  a  lower  speed." 

This  system  being  thus  sliown  to  be  practical,  the  question  is 
sunply  whether  magneto- electric  currents  are  less  expensive  than 
galvanic  currents  while  equally  effective.  It  appears  to  the  writer 
that,  by  introducing  a  magneto- electric  machine  worked  by  steam- 
power,  with  a  separate  Siemens*  armature  for  each  circuit  (or  for 
each  set  of  local  circuits),  a  great  saving  would  be  effected.  The 
armatures  could  be  made  of  different  resistances  and  gauges  of 
wire,  to  suit  the  resistance  of  the  circuit  to  be  worked.  J 

As  the  wires  from  each  armature  could  be  led  separately  to  a  I 
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"  battery  board  "  as  at  present,  power  could  be  increased,  or  a 
faulty  armature  removed,  ■with  as  mucb  ease  as  if  batteries  were 
employed,  and,  if  found  desirable,  condensers  could  be  attached  aa 
in  these  experiments. 

One  horse  power  would  probably  be  enough  to  replace  2,000 
cells. 

Deschanel  says  that  3  horse  power  is  sufficient  for  the  very 
powerful  lighthouse  machines  supplied  by  the  French  "  Compagnie 
1' Alliance,"  while  a  speed  of  armature  rotation  of  1,500  to  2,000 
per  minute  is  necessary  in  Wilde's  machine  (Siemens'  and  Gramme's 
machines  we  work  at  much  less  speed),  bo  that  neither  the  required 
engine  power,  nor  the  speed  of  revolution  would  overstep  the  limits 
already  reached  by  existing  machines. 

It  would  certainly  seem  more  advantageous  in  every  way  that 
the  machine  should  consist  of  many  small  and  independent  arma- 
tnres,  so  as  to  obviate  the  necessity  for  dividing  the  current  from 
tme  large  generator. 

The  usual  spring- contacts  on  the  armatures,  so  as  to  produce 
continuous  currents,  would  doubtless  be  preferable  to  the  relay 
arrangement,  although  the  "positive"  and  ''negative"  wires 
would  not  then  be  independent  of  each  other. 

It  may  be  said  that  the  telegraphic  superiority  of  zinc  as  com- 
pared with  coal  has  been  decided  long  ago,  but  the  separate  arma. 
ture  idea  here  advocated,  the  improved  insulation  of  our  lines  at 
the  present  day,  and  the  great  advance  in  magneto-electric  machines, 
make  it  desirable  that  we  should  look  anew  into  this  question. 

"When  the  cost  of  sulphate  of  copper  or  other  salt,  of  transit  of 
stores  and  renewal  of  plates,  is  coneidered,  there  seems  no  reason 
to  doubt  the  superiority  of  coal. 

Before  closing  this  paper,  it  may  be  observed  that  the  resistance 
oSered  by  moving  contacts  is  worthy  of  investigation.  The  current 
obtained  from  the  rapid  contacts  of  the  arrangement  now  reported 
on  waa  observed  by  Mr.  Kempe  to  attain  a  maximum  at  a  medium 
rate  of  revolution.  This  might  at  first  sight  appear  to  have  some 
connection  with  the  magnet's  natural  rate  of  oscillation  depending 
on  its  mass,  &c,,  and  the  question  is  complicated  by  the  fact  that  the 
electromotive  force  produced  would  vary  with  the  rate  of  revolution, 
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but  even  in  automatic  transmitters  driven  by  a  falling  weight, 
thuro  is  a  point  at  which  increase  of  speed  increases  the  resistance, 
an^l  lessens  the  current  in  circuit.  At  lower  rates  the  current  is 
not  sensibly  increased  until  motion  ceases,  when  the  current  is  at  a 
maximum. 

A  perfectly  clean  double. cu  rrent  key  in  motion  offers  a  resist- 
ance of  about  ten  ohms,  while  a  W'beatstone  transmitter  has  a 
minimum  of  about  fifty.  Incretiso  of  electro.motive  force  lessens 
the  resistance,  while  even  a  small  amount  of  oxidation  largely 
increases  it,  and  renders  it  very  variable. 

In  submitting  this  paper  to  the  Society  I  am  perfectly  aware 
that  magneto- electric  currents  have  been  used  for  working  Morse 
circnita  by  Siemens,  Wheatstone,  Wilde,  and  others,  but  I  venture 
to  hope  that  there  is  sufficient  novelty  in  the  way  in  which  this 
question  has  been  proposed  and  tried  to  justify  its  being  brought 
before  the  Society, 


The  Peesident  :  In  proposing  the  vote  of  thanks  to  Mr.  Eden 
for  his  paper,  I  would  remark  that  the  employment  of  magneto 
currents  for  battery  currents  is  no  new  thing  in  itself.  In  the 
year  1865,  Mr.  Varlcy  tried  a  Wilde's  machine  at  the  Electric 
Telegraph  Company's  Central  Station,  in  Telegraph  Street,  and 
worked  for  some  time  several  circuits  from  it.  Again,  iu  1872, 
Mr.  CuUey  gave  a  very  exhaustive  trial  of  a  Gramme  machine  at 
the  Post  Office  Central  Telegraph  Station.  Failure  resulted  in 
both  cases  from  the  difficulty  of  maintaining  the  resistance  of  the 
points  of  contact  at  the  commutator  constant.  Great  variations 
in  currents  were  observable,  and  some  trouble  caused  in  conse- 
quence. Owing  to  the  experience  gained  in  these  trials,  and 
experiments  made  in  Manchester,  on  the  Lancashire  and  Yorkshire 
Railway  particularly,  Mr.  Wilde,  in  1878,  took  out  a  fresh  patent 
for  working  circuits  by  means  of  magneto-electric  currents,  his 
plan  being  to  have  excited  by  the  same  primary  current  a  series  of 
secondary  coils,  which  varied  iu  resistance  according  to  the  circuit 
they  had  to  work,  Mr.  Wilde  not  having  had  an  opportunity  of 
trying  this  plan  on  a  large  scale  at  present,  it  has  never  been 
practically  carried  out.     Mr.  Schweudler,  too,  in  the  December, 
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1879,  number  of  the  Philosophical  Magazine,  has  contributed 
a  very  interestiug  paper,  showing  bow  two  circuits  (from  Calcutta, 
I  think)  were  worked  by  means  of  surplus  currents  (they  may 
perhaps  be  called)  from  a  machine  used  for  an  electric  light.  The 
current  used  for  lighting  purposes  is  eoraething  like  30  webere, 
the  current  used  for  working  a  Siemens  relay  is  about  3  milliwebers, 
so  that  the  mere  abstraction  of  the  ten-thousandth  part  of  a  current 
cannot  possibly  influence  its  workiDg,  nor  can  it  be  felt.  Such  an 
experiment  was  no  doubt  very  interesting.  The  use  of  these 
currents  has  been  a  very  favourite  idea  with  our  transatlantic 
friends.  When  I  was  in  America  nearly  three  years  ago  the 
subject  was  discussed.  In  Kew  York,  the  battery  room  of  the 
Western  Union  Company  is  at  the  top  of  a  very  high,  handsome, 
Uiough  not  a  very  well  built  building,  and  contains  nearly  15,000 
cells,  which  of  course  represent  a  very  heavy  weight.  It  became 
a  matter  of  importance  to  remove  this  weight,  and  the  expedient  of 
employing  magneto  currents  was  called  to  mind.  Mr.  Stephen 
Field,  of  San  Francisco,  experimented  with  it  with  a  great  deal  of 
success ;  so  much  so  that  the  Western  Union  Company  determined 
to  replace  all  their  19,000  cells— 5,000  being  in  another  building 
— by  15  Sismena'  machines  of  the  small  type.  They  are  arranged 
in  a  series  of  four  (one  set  being  spare). 

The  first  giving  an  electro. motive  force  of    50  volts. 
The  second  „  „  50     „ 

The  third  „  „  50     „ 

The  fourth  „  „  100    „ 

The  fifth  being  used  as  a  feeder  to  the  others. 
So  that  a  variable  electro-motive  force  is  available  of  50,  lOO,  150, 
or  250  volts,  and  by  arranging  these  machines  in  series  they  are 
ible  to  work  the  whole  of  their  circuits  from  the  Central  Station. 
The  first  object  they  had  in  view,  of  course,  was  to  remove  the 
dangerous  weight  of  the  batteries — over  60  tons.  The  second  was 
to  economise  space.  I  have  said  more  than  once  in  this  mom  that 
in  America  they  are  more  extravagant  with  their  battery  system 
than  we  are.  In  their  Central  Station,  with  about  half  the  number 
of  circuits,  they  have  as  many  cells  .^s  we  have ;  their  cells  cost 
them  nearly  ten  times  as  much  per  annum  to  mamtam,  aQA.\3Qa 
amount  of  mnterin]  waMed  in  their  pet  form  of  battery,  \Me  ^».Vv\^ « 
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Of  course  the  greater  lengtli  of  their  circuits  is  one 
reason  for  this,  and  another  their  closed  cii'cuit  sjatem  of  working. 
In  determiuing  the  question  of  introducing  magneto  machines,  it 
is  simply  a  matter  of  pounds,  shillings  and  pence  ;  of  coal  vcreuA 
zinc ;  and  it  is  quite  possible,  with  carelessness  and  ■waste,  tc 
consume  so  much  zinc  that  ite  use  of  coal  would  become  eco- 
nomical. But  it  should  be  remembered  that  in  a  battery  the  whole 
of  the  energy  of  the  zinc  is  usefully  consumed ;  in  an  engine  of  the 
very  best  type  it  is  only  possible  to  use  about  ten  per  cent,  of  tbs' 
energy  of  the  coal.  Batteries  such  as  we  use  in  England  requi 
little  attention;  with  enginea  there  is  a  necessity  for  conatanl 
supervision.  A  battery  is  silent  and  motionless,  while  au  engin» 
is  noisy  and  full  of  friction.  A  battery  eats  only  when  it 
hungry :  an  engine  is  always  hungry  and  is  always  eating.  A 
battery  is  constant  and  regular,  while  an  engine  is  variable  and 
imcertain.  The  result  is  that  where  batteries  are  economical  in 
their  consumption  and  properly  worked,  then  it  is  a  very  easy 
thing  to  show  that  it  is  far  more  economical  and  efficient  to  work 
a  station  by  means  of  batteries  than  by  means  of  engines.  It  is  a 
subject  which  received  very  careful  attention  from  the  Post  Office 
some  seven  or  eight  years  ago,  but  which,  ovring  to  the  recent 
prominence  given  to  it  by  the  Western  Union  Company,  has  led 
some  people  to  imagine  that  again  our  Yankee  friends  are  ahead 
of  UB,  and  that  in  using  magneto- electric  currents  they  have  made 
a  fresh  start  and  shown  us  a  new  path ;  but  I  can  assure  the  Society 
that  if  it  had  been  found  eight  years  ago  that  there  was  any 
economy  or  advantage  in  using  the  Gramme  or  Siemens'  machine 
at  the  Central  Station  the  system  would  certainly  have  been  adopted. 
Before  sitting  down,  I  propose  a  vote  of  thanks  to  Mr  Eden  for  the 
paper  which  he  has  kindly  furnished  us. 

Seconded  by  Mr.  Willoughby  Smith,  and  carried. 

The  Secbetart  then  read  the  following  paper  :— 

COMPENSATING  INDUCTION  IN  PARALLEL  WIRES: 

By  Chaeles  H.  Wilson,  Chicago. 
I  HAVE  read  with  much  interest  the  researches  of  Professor  Hughes, 
elaborated  in  his  paper  on  "  Induction,"  which  has  been  ptesented 
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1  discussed  before  the  Society  of  Telegraph  Eogineera,  and  I 
bve  had  an  earnest  desire  to  acknowledge   to  him  the  kindly 

iner  in  which  he  afterwards  noticed  my  eEforts,  and  credited  to 
B  what  I  have  accomplished. 

I  am  to-day  in  receipt  of  the  latest  number  of  that  Society's 
Journal,  and  notice  in  its  records  a  detailed  account  of  the 
discussion. 

Professor  Hughes  in  referring  to  my  system  for  compensating 
induction,  says — "Mr.  Chas.  H.  Wilson's  very  beautiful  and 
superior  arrangement  will  perfectly  compensate  for  two  lines. 
The  arrangement  I  propose  will  compensate  for  all  liues,  each 
adjacent  wire  being  perfectly  free  from  induction." 

In  the  respect  of  my  plan  being  applicable  to  two  lines  only,  I 
fear  the  Professor  is  labouring  under  a  misapprehension.  In  the 
brief  article  which  I  prepared  for  the  American  Electrical  Society, 
and  from  which  all  of  the  printed  accounts  of  ray  invention  were 
taken,  I  did  not  think  it  necessary  to  describe  the  arrangement 
any  further  in  detail,  but  now  I  see  that  it  would  have  been  more 
favourably  considered  if  I  had  done  bo. 

There  being  no  difference  in  the  general  plan  whatever,  when 
mora  than  two  lines  are  compensated  for,  any  description  of  this 
nature  was  thought  superfluous. 

When  several  different  lines  are  to  be  compensated,  in  practice 
we  balance,  or  equate,  two  of  them  without  regard  to  the  others; 
after  this  has  been  done  one  of  these  and  a  third  are  adjusted,  and 
GO  on  until  all  the  wires  are  similarly  treated. 

My  arrangements  differ  slightly  according  to  c ire u instances, 
being  adapted  to  the  precise  conditions  of  the  lines  from  which  the 
interference  arises.  Between  Ogden  (Utah)  and  Cheyenne 
(Wyoming),  a  distance  of  over  five  hundred  (500)  miles,  we  work 
three  wires  duplexed,  two  of  them  on  the  polarized  relay  or  double 
current  plan,  and  the  third  in  the  ordinary  manner,  with  a  neutral 
relay. 

.    The  "differential"  duplex  is  uiad  on  the  lines  of  the  Western 
Union  Co.  excluaively. 

Lf„  In  consequence  of  the  wires  all  being  of  the  same  gauge,  and 
BiOther  respects  very  similar  to  each  other,  a  very  eim-pVe  a.ixa.ii^'i- 
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meut  18  employed,  wbich  ia  sheiFD  in  the  following  symbolical 
diagram,  by  which  it  will  be  seen  how  closely  the  inductive  actioqii 
of  the  three  lines  is  imitated  with  reference  to  ihe  return  current. . . 


sreARiis'C" 

The  three  condensers  C,  C,  and  C,  are  connected  around  the 
main  rheostats  of  the  respective  sets  of  instriimenta,  and  with  the 
rheostats  form   their  "  artificial  lines." 

Condensers  Ci,  Ca,  and  Ca,  in  combination  with  resistance  coils 
of  10,000  ohms,  are  used  to  balance  the  return  induced  current.     ■ 

You  willnotice  that  each  artificial  line  has  two  acd'ye  condensers  j( 
the  third  always  remaining  neutral  when  the  first  and  second 
charge  and  discharge.  The  two  active  condensers  of  each  set  of 
dnples,  discharge  respectively,  into  the  "  artificial  lines  "  of  th*' 
other  two  sets,  while  the  inactive  condenser,  owing  to  the  potential!* 
of  its  two  sides  being  equal,  remain  silent. 

Suppose,  for  illustration,  a  current  is  sent  out  (or  the  battery! 
already  on  the  line,  reversed),  upon  the  wire  which  in  the  diagram 
I  have  termed  "  Polar  B,"  then,  that  part  of  the  current  from  the^ 
battery  which  passes  through  the  "  artificial  line  "  of  this  set  will' 
charge  the  plates  of  conder^ers  C,  and  Cj  to  a  certain  potential 
depending  upon  the  capacity  of  the  condensers,  the  electromotiv»1 
force  of  the  current  flowing,  and  the  resistance  of  the  artijmai 
liTiBi  and,  as  a  consequence,  momentary  currents  will  issue  fronjl 
the  other  plates  of  the  condensers,  and  a  poriion  of  these  currents 
will  flow  through  the  second  coil  of  the  differentially  wound  relay8^'< 
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It  is  obvious  that  when  that  portion  of  the  condenser  discharge 
flowing  through  any  relay  is  made  equal  to  the  return  ioduced 
current  coming  back  simultaneously  through  the  other  coil  of  the 
same  relay,  the  resultant  actioo  upon  the  magnet  core  will  he  nil, 
and  practically  neither  the  induced  currents  from  the  lino,  nor 
tbat  from  the  condensers,  will  be  perceptible.  When  the  above 
action  takes  place  and  condensers  Ci  and  0,  charge,  it  might  pro- 
perly be  said  that  C,  would  be  in  the  "  bridge,"  and  in  consequence 
of  the  "  four  sides  "  having  the  requisite  values  to  satisfy  Wheat- 
stone's  equation,  in  a  neutral  position  regarding  the  currents  under 
consideration. 

In  reference  to  the  conditions  involved  in  the  charging  of  the 
condensers,  I  have  underlined  a  portion  of  the  sentence,  "  and 
tbe  resistance  of  the  artificial  line." 

I  wish  to  call  particular  attention  to  this  factor  in  the  essential 
adjustment  of  the  apparatus, 

It  plays  a  part  in  the  practical  working  of  my  apparatus  which 
at  first  thought  may  appear  but  a  triflmg  maiter,  but  after  a 
moment's  reflection  upon  the  everyday  working  of  wires,  with  con- 
tinually varying  atmospheres  of  escape,  I  doubt  not  that  a  point 
which  has  been  of  so  much  importance  to  us  will  be  appreciated. 

Duplexes  are  necessarily  re-halanced  with  every  atmospheric 
change  that  materially  alters  the  apparent  cooductivity  resistance 
of  the  wires,  in  order  that  the  conditions  of  the  artificial  line  will 
be  made  to  conform  closely  with  those  of  the  actual  line. 

Now,  if  it  wore  found  necessary  to  increase  the  delay  already 
occasioned  in  balancing  by  further  necessities  of  the  same  nature 
arising  in  the  inductioa  apparatus,  the  time  lost  would  be  more 
than  trebled  and  this  would  be  greatly  to  the  detriment  of  business. 

In  all  of  the  induction  apparatus  we  bave  in  ase  the  adjustment 
required  is  only  occasional ;  the  ordinary  changes  in  the  "artificial 
line"  circuit,  necessarily  made  from  time  to  time,  also  suffices  for 
tbe  induction  condensers.  When,  it  matters  not  from  what  cause, 
a  line  is  more  heavily  laden  with  escape,  and  as  a  consequence  tbe 
return  currents  diminiab  in  magnitude,  to  avoid  interruption  from 
the  passage  of  the  outgoing  currents  the  resistance  of  tbe  rheostats 
forming  a  part  of  the  "  artificial  lines  "  is  diuiinisbed. 
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The  effect  of  the  diminution  of  tliis  resistance  lessens  the 
inductive  action  of  the  condensers  in  two  ways ;  first,  by  lowering 
the  potentiiil  of  the  "artificial  line"  at  the  point  of  contact 
where  the  condensp.rs  receive  their  charge ;  secondly,  by  increasing 
the  conductivity  of  the  derived  circuits  which  act  as  shunts  to  the 
helices  of  the  relays,  with  reference  to  the  currents  coming  into  the 
artificial  lines  from  the  condensers  when  the  latter  are  acted  upon. 

This  feature,  I  think,  does  not  exist  in  any  other  form  of 
induction  compensating  apparatus  that  has  come  under  my 
observation. 


Professor  Hoghes  :  The  deEcription  of  Mr.  Wilson's  arrange- 
ment, as  given  in  Mr.  Preseott's  hook,  describes  only  its  appUcation 
to  two  lines,  and  I  thought  very  highly  of  the  arrangement,  not. 
withstanding  the  fact  that  if  used  for  several  lines,  such  as  ten,  it 
would  become  too  complicated  to  be  of  real  service.  (Professor 
Hughes  here  explained  by  a  diagram  on  black  board  the  difficulties 
ariaing  when  attempting  to  compensate  for  induction  on 
wires.)  Mr.  Wilson  has  a  great  many  condensers  in  his  three  I 
wire  arrangement,  but,  as  I  have  just  explained,  for  a  line  of  te 
wires  something  like  forty.five  compensating  condensers  would  t 
required.  It  was  this  multiplication  of  condensers  that  compelled 
me  to  be  cautious  in  saying  that  "  with  two  lines  it  would  be  4 
beautiful  and  perfect  arrangement,"  but  with  any  number  of  wire 
greater  than  two  the  matter  becomes  very  complicated. 

Professor  Atrton  :  It  occurs  to  me  that  Mr.  Wilson  intenc 
to  refer  to  the  compensation  of  electro- static  induction,  wberes 
Professor  Hughes'  remarks  refer  to  electro-magnetic  indnctioi 
With  either  kind  of  induction  the  effect  would  he  the  same  at  tJ 
sending  station.  A  positive  current  passing  along  a  line  coonecte 
at  the  other  end  to  earth  would  charge  that  wire  positively,  a 
consequently  there  would,  due  to  electro. static  induction,  be  a  r 
of  negative  electricity  into  any  neighbouring  wire  from  both  ends 
The  same  effect,  as  far  as  the  sending  end  is  concerned,  ia  produce 
by  electro -magnetic  induction.  If  a  positive  current  is  sent  al 
a  wire  an  opposite  current  is  set  up  in  the  neighbouring  wire, 
is,  negative  electricity  rushes  into  the  neighbouring  wire  at  tbt 
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sendbg  end.      It  may,  consequently,   be  possible   to   arrange  a 
system,  either  on   Professor  Hughes'   or  Mr.  Wilson's   plan,  to 
compensate  for  both  kinds  of  induction  at  the  sending  station,  but 
neither  would  compensate  for  electro -static  induction  on  a  neigh- 
bouring wire  at  the  receiving  end.     On  the  other  hand,  Professor 
II  Hughes'  has  this  advantage,  that  it  will  compensate  for  electro- 
pBgnetic  induction  all  along  the  line,  whereas  Mr.  Wilson's  can 
y  produce  a  compensation  at  the  sending  end. 
I  do  not  propose  to  enter  further  into  this  question  this  evening, 
Silt   I   hope    those   who  are   malting   daily  experiments  on   the 
elegraph  lines  will  tell  us  whether  their  experience  shows  that  it 
electro- static  or  electro.niagnetic  induction  on  neighbouring  wires 
lat  is  the  most  to  be  avoided. 

Mr.  SteaENS  asked  for  information  as  to  the  variation  of 
Auction  caused  by  atmospheric  variation,  particularly  in  reference 
I  compensating  condensers.  Everyone  knew  that  in  duplex 
Drking  the  condenser  had  to  be  decreased  or  increased  when  the 
Bather  was  wet  or  dry,  but  perhaps  it  was  not  so  well  known  that 
Inetimes  the  capacity  had  actually  to  be  increased  in  wot  weather. 
In  reply  to  a  remark  made  by  Professor  Perry  (but  which  was 
ibsequently  withdrawn)  to  the  effect  that  theory  would  tend  to 
WW  that  the  electro- static  inductiou  from  line  to  line  was  small 
spared  with  the  electro. magnetic. 

The  PeesidENT  said  :  Theory  and  practice  sometimes  differ. 
Iractice  brings  into  play  a  great  many  conditions  that  theory 
mot  always  account  for.  In  working  parallel  wires  both 
ids  of  induction  are  present.  A  current  passing  along  a 
Fire  chaises  its  neighbour  up  to  a  certain  potential,  which  con- 
mea  as  long  as  the  current  flows,  but  on  the  cessation  of  the 
Mter  its  inductive  power  ceases,  aud  the  charge  raised  along  the 
iitoie  of  the  neighbouring  wire  proceeds  to  earth — two-thirda,  or 
learly  so,  going  in  one  direction,  the  remainder  in  the  other 
rection;  and  it  is  that  portion  falling  back,  as  it  were,  in  the 
ne  direction  as  the  working  current  that  causes  retardation  ia 
irking.  Such  effect  is  so  strong  in  places  (as  between  Teheran 
d  Kurrachee)  that  it  is  always  possible  to  read  on  the  induced 
fee  that  which  is  being  sent  on  the  proper  one,    T\ie  &B.me  t'SwA. 
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is  experienced  between  New  York  and  Chicago,  where  two  wires 
are  parallel  for  about  800  miles.  This  showa  that  the  effect  of 
electro-static  induction  in  neighbouring  wires  is  not  so  insignificant 
Eis  may  be  imagined,  and  that  the  direction  of  the  current  due  to  • 
it,  as  pointed  out  by  Professor  Ayrtoo,  is,  at  the  receiving  end  of 
the  line,  contrary  to  that  due  to  electro -magnetic  induction,  and 
similar  to  the  course  of  the  workiog  current.  Mr.  Wilson  has  not' 
attempted  to  compensate  for  this,  on  account  of  the  extreme 
difficulty  of  doing  so,  as  pointed  out  by  Professor  Hughes.  AVbat 
he  has  attempted  to  compensate  is  the  return  current,  as  he  calla 
it,  or  the  discharge  due  to  electro- static  induction  at  the  sending 
end,  and  he  has  done  so  to  a  practical  extent.  Professor  Hugbea 
and  Mr.  Wilson  have  arrived  at  very  near  the  same  results  at  the. 
sending  end,  but  have  been  combjiting  different  foes — Profesaot 
Hughes  has  attacked  electro-magnetic,  and  Mr.  Wilson  electro- 
static, induction,  which  he  has  no  doubt  perfectly  cured  for  two  or 
three  lines,  as  regards  the  effects  of  the  peculiar  conditions  met 
with  at  Chicago.  Nobody  has  yet  attempted  to  compensate  for 
static  induction  at  the  receiving  end,  and  I  am  afraid  that  thO' 
problem  is  so  difficult  as  to  make  success  doubtful,  and  even  then 
the  game  may  not  be  worth  the  candle. 

We  are  always  glad  to  get  papers  such  as  Mr.  Wilson's,  which 
invite  discussion,  and  which  always  do  good  in  bringing  out  weak 
points  and  clearing  away  wrong  impressions. 

A  hearty  vote  of  thanks  was  then  passed  to  Mr.  Wilson  for  hit. 
paper. 

A  ballot  for  new  members  took  place,  at  which  the  following 
were  elected  : — 

FoTcifjn.  Memher  : 
Frederic  A,  Gower. 
Members  : 
John  B.  Saunders.  Adolphe  Pierre  Vassard. 

Associates  : 
Robert  Bayiy.  Clement  Auguste  Lepelley, 

William  Qilbespy.  Charles  Porter. 

Edouard  Louis  Lalonde.  John  Smith, 

After  which  the  Meeting  adjourned  until  February  26th. 


OLIVEXb  HSATIBISE— ON  THE  EFFECT  OF  FAULTS  OS  THE 
SPEED  OF  WORKING  OF  CABLES. 

{"Philoiophical  Magazine,"  Vol.  8,  A'o.  iG.pp.  80-71,  aad  No.  IT,  pp.  1G3-177, 1879.) 

A  leakage  faalt  in  a  cable,  besides  weakening  the  received  currents,  has 
Mother  efTect,  viz.,  to  accelerate  the  rapidity  of  increase  and  decrease  of  tlia 
ciirrenU,  or  more  generally  the  rapidity  of  change  from  one  state  to  another, 
Hide  enabling  the  cable  to  be  worked  at  a  bigber  speed.  The  charge  prodticed 
ty  a  continued  E.M.F.  at  one  end  is  more  qnickly  eatablislied  with  the  aid  of  a 
1e«ki  (br  the  initial  charge,  which  is  notbing,  may  be  prodaced  by  the  saper- 
inpoEition  of  two  charges  of  opposite  algn^  each  uamerically  eijual  to  the  final 
charge  produced  by  the  E.M.F.  Let  one  of  these  diicbarge  itaelf,  then  the  cable 
TiUl  become  charged  with  the  other ;  and  since  the  fault,  by  decreasing  the 
ntjstaiice  to  discharge,  accelerates  the  diBsipatioQ  of  the  one  charge,  it  must 
equally  accelerate  the  establiihment  of  the  other.  An  artiflcial  conductive 
connection  of  constant  resistance  between  the  conductor  and  sheathing  of  a 
table,  preferably  at  its  centre,  would  greatly  increase  the  working  speed — 
bowever  objectionable  a  natural  leak  may  be. 

The  author  investigates  mathtmaticalty  the  effect  of  a  &ult  on  the  size  of 
Tevtnala,  with  numerical  illustrations,  when  the  enda  of  the  line  are  to  eartfai 
and  when  they  are  insulated.  The  strength  of  received  reversals  is  not  so 
mnch  lessened  by  a  leak  as  a  permanent  current.  The  general  theory  of  any 
initial  charge  with  the  usual  terminal  connections  and  a  number  of  leaks  is 
also  iDvestigaled.  Particular  cases  ai-e  worked  out  numeritall j,  and  diagrams 
of  the  arrival  curves  of  the  current  at  one  end  due  to  a  constant  E.M.F.  at 
the  other,  when  a  leak  is  situated  at  the  centre  of  the  line,  are  given  ;  (1)  when 
l»th  ends  of  the  line  are  to  earth,  and  (2)  when  thej  are  insulated  (the  latter 
oorresponding  to  condenser  working);  also  (3),  the  arrival  curves  of  the 
poIentiaJ  in  the  latter  case.  In  each  instance,  three  values  of  the  resistance 
of  the  lesk  are  biken,  zero  and  infinity,  and  one-fourth  of  the  cable's  resistance 
lor  the  intermediate  value. 

Other  problems  m  connection  with  a  cable  are  alio  considered,  aad  the 
Mlutiont  in  the  case  of  arbitrary  terininii.1  conditions,  for  which  the  oi*i,r;iLial 
may  be  coniolled. 


ALUMINIDM:    FOE    TELEGRAPH    LINES. 
('■  t«»  IfoTides,"  No.  6,  February  5(ft,  1830,  p.  331.) 
Experiments  have  recently  luaen  madi;  by  the  German  Telegraphic  Admisi- 
Uration  legarding  the  employment  of  aluminium  in  place  ot  uou  -viVi^  m 
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consequence  of  aluminiam  having  twice  tite  conducting  power  of  iron. 
conrae  the  liigli  price  of  tlie  former  material  wotild  prevent  the  line  wires  being 
made  entirely  of  that  Babstance,  but  experiment  baa  shown  the  possibility  of 
making  an  alloy  of  iron  and  alamininm,  which,  although  containing  but  a  very 
small  perceutage  oE  the  latter  substance,  has  a  high  conductivity,  and  so 
line  wires  may  be  made  of  smaller  diametev  than  before.  The  alloy  is  : 
tongb,  and  better  able  to  resist  the.  destructive  action  of  the  ahnospiiere  than 


KUU— ESPBBEHBNTAL  ENQOLET  INTO  MAQNETIO  OOEEOmVE 

FOECE. 

("  Catl  Rcpertorium  fur  Expirimeniat-Fhyiii,"  B.  xvi,  S.  i,,p.  4S.) 
First  Paper.    Om  the  Hku.inent  Msqnetism  of  Soft  InoN,  and  the  Influenci  or 

ViBBATlONa  ox  IT. 

This  is  a,  continuation  of  Dr.  Kiilp's  researches  published  in  Foggmtdorfi 
Annalen,  from  I86S-IS76.  He  has  oudertaken  a.  seTies  of  researches  on  coerci- 
tive  force  in  hard  and  soft  iron  as  well  as  in  hard  and  soft  steel,  and  in  this  first 
paper  he  begins  with  the  consideration  of  pylindric:il  bars  of  soft  iron,  especially 
with  reference  to  the  effect  of  vibration  upon  remanent  magnetism.  The 
diameters  of  the  iron  and  steel  rods  which  he  used  varied  from  1  to  4  milli- 
metres, and  their  lengths  from  50  to  160  mm.  To  magnetize  them  he  could 
Die  one  or  other  of  two  ooila  of  different  lengths  and  internal  diameters,  and 
his  battery  power  was  from  one  to  four  Buns^n's  elementa.  Coil  No.  1  had 
only  one  aeiies  of  windings  of  BOO  turns;  No.  2  had  eight  layers  of  129  turns 
eacli.  It  is  evident  that  the  magnetization  of  the  rods,  in  the  centres  of  these 
coils,  was  produced  in  uniform  magnetic  fields. 

The  current  being  made,  the  induced  magnetic  moment  is  measured  with 
a  "Wiedemann's  magnetometer  and  afterwards,  the  current  being  broken,  the 
remanent  magnetic  moment.  The  rod  is  now  taken  out  of  the  coil,  and  either, 
as  we  shall  find  in  further  papers  pot  for  a  time  in  a  quiet  place  in  an  east  and 
west  position,  or  else  sutgected  to  vibration,  and  then  again  the  remanent  mag. 
netic  moment  is  decided.  The  vibration  of  the  rod  was  caused  by  dropping  it 
six  times  from  a  height  of  1-5  metres  upon  an  earthen  floor.  He  used  the  follow, 
iiig  rods :  E  and  F  were  of  commercial  iron  wire.  The  four  first  were  also  of 
commercial  iron  wire,  but  they  had  been  gurrounded  with  clay  and  heated  for 
several  hours  within  a  coal  (ire,  and  let  lie  to  cool  for  half  a  day. 
Laagtb.  Diameter. 

A  160         1-0 

B  100         10 
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The  fallowing  table  of  results  for  bar  A  will  eliow  the  curious  diOicaltiea  of 
the  inveatigation. 
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the  want  of  proportionality  between  induced  and  reiUBDent  magnetitm 
this  and  nmny  otbt^r  cases,  tlie  author  comes  tu  the  couclaiion  that  in  rema- 
letism  certain  intrinsic  forces  receive  signiScance  whicii  in  induced 
letization  either  disappear  or  exert  another  influence.  Tlie  one  instance 
'I  negative  magnetism  observable  in  tho  table  is  often  seen  in  other  rods,  and 
rhowa  it*elf  ill  diOurent  experimentB  with  the  same  i-od,  without  there  eeeming 
10  be  any  decided  law  for  it.  Ordinary  remanent  niagoetism  does  not  sceni  to 
rlillow  any  cleat  law,  unlesa  that,  as  is  alraady  bnown,  it  bGcomes  lesa  in  shorter 
luds,  wbereaa  the  values  of  it  after  vibration  are  of  particular  significance. 
Thns.   coniideriog   the    percentage  of   loss  ef    remanent  magnetism   dne  ti> 

Rod  A  showed  with  coil  No.  1,  after  three  times  repeated  magnetization 

(with  magnetizing  power  17)  aiid  vibration,  the  losses  37,  44,  and  GO, 

when  the  rod  was  very  distant  from  its  point  of  saturation.    With 

magnetizing  power  33  the  loaacB  after  three  repetitions  were  83, 

79,  and  31 , 

Bod  B  with  coil  No.  2  with  small  magnetizing  power,  in  six.  repetitiuna 

showed  losses  57,  61,  W,  67,  61.   60  ;    with  medium  magnetizing 

power  76,  71,  6S,  75,  79,  73 ;   a.nd  with   strong  magnetizing  powur 

83,84,77,70,76,75. 

Hod  P  showed  under  the  same  ci 

Rod  E,  03,  BO,  88,  8S,  8G.  81. 

It  appears,  then,  that  with  small  magnetizing  power,  repeated  magiieti- 

Mtion  and  vibration  cause  an  increase  in  the  loss  due  to  vibration.     This 

agrees  with   the   magnetic  molecular  revolution  theory,  for   the    molecules 

Manot  wholly  return  to  their  original  positions  on  account  of  internal  furcts, 

such  as  friction.    Vibration  brings  them  nearer  to  their  equilibrium  positions, 

and  therefore  dacreases  remanent  magnetism.    Repeated  magnetization  and 
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vibration  cause  tbe  mulecults  ta  become  mote  mobile  nod  tbu  vibratiou  lossej 
mast,  become  greater.  It  appears,  Lowevar,  that  this  is  not  the  case  with 
greater  mnguetizicg  powers,  and  the  author  concludes  that  friction  and  otber 
iatemal  forces  then  annul  one  another  or  act  in  a  diObrent  sense.  The 
vibration  loss  is  certainly  greater  with  greater  magnutiiiug  power  Again,  it 
IB  oeen  that  the  shape  of  a  rod  pla.j's  na  important  part  in  tbs  pheK 
Thus  the  vibration  loss  is  greater  in  ehort  rods  than  in  long  ones. 


NIAUDBT— CELL     WITH    BLEACHING     POWDEE. 
{•'Jounml  da  P!iy),i-/ae,"  Ko.  97,  January,  1880,  ;j.  18.) 

M.  Niaudet  Lbs  devised  a  new  cell  with  Kinc  and  carbon  plates.  The  zinc 
plat«  it  immersed  in  a  solution  of  sen  salt,  containing  a  per  cent,  of  the  salt, 
which  proportion  is  found  to  impart  maximum  conductivity  to  the  solution, 
and  the  carbon  plate  is  put  in  a  porous  cell  with  chloride  of  lime.  The  only 
produota  arising  from  the  action  of  this  cell  are  water  and  chloride  of  lime ; 
this  salt,  as  is  well  known,  being  one  of  the  most  soluble  bodies.  ISa  iUBolntde 
■alta  are  produced  by  the  secondary  action  of  tbe  celt. 

At  the  commencement,  the  electromotive  force  is  1'6  volts.  The  cell  is 
not  completely  depolarised  bj  tbt>  chloride  of  lime,  fur  it  polarises  if  used  to 
send,  a  current  through,  a  small  resistance;  which  effect,  however,  to  a  great 
extent,  passes  oS  if  the  cell  is  left  for  some  time  inactive,  bat  it  never  regains 
its  first  electromotive  force. 

The  chief  merit  of  H.  Niaadet's  cell  is  that  there  is  absolutely  no  action 
in  the  zinc  when  the  cell  is  not  sending  a  current.  To  prevent  the  unpleasant 
smell  arising  from  the  chloride  of  lime,  the  cell  is  closed  with  a  waxed  cork 
with  a  small  hole  for  pouring  in  the  water  to  start  the  action  when  the  cell  ii 
put  up. 


E.  K.  HAIL— ON  A  NEW  ACTION  OF  THE  MAGNETS  ON  ELECTEIC 
CURRENTS, 

(■'  Amtrican  Joums!  o/  Maiheniatins,"  Vol.  II.  p.  287.) 

The  following  experiment  had  a.pparenUy  been  tried  by  I'rof.  Eowland,  but 
without  success  ;— 

"A  disc  or  strip  of  metal  forming  part  of  an  electric  current  was  placed 
between  the  poles  of  an  electro. magnet,  the  disc  cutting  across  the  lines  of 
force.  The  two  poles  of  a  sensitive  galvanometer  were  placed  in  connection 
with  different  parts  of  the  disc,  through  which  an  tiectric  carrent  was  passing 
until  two  nearly  oquipotential  points  nere  found,  the  magnet  current  was  then 
tnmed  on  and  the  galvanometer  was  then  observed,  in  order  to  detect  any  indi- 
cation of  a  change  in  the  relative  potential  of  the  two  poles." 
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Xo  such  change  could  be  observed,  and  Mr.  Hall  now  repeated  the  same 
experiment  sabstituting  a  piece  of  gold  leaf  mounted  on  glass  for  the  metal  strip. 
Experimenting  as  above  on  October  28tb,  he  obtained  a  decided  deflection  of  the 
galvanometer  needle. 

"  This  deflection  was  much  too  large  to  be  attributed  to  the  direct  action  of 
the  magnet  on  the  galvanometer  needle,  or  to  any  similar  cause.  It  was, 
moreover,  a  permanent  deflection  and  therefore  not  to  be  accounted  for  by 
induction." 

Some  rough  quantitative  experiments  were  tried  with  the  result  "  that  with 
■A  given  form  and  arrangement  of  apparatus  the  action  on  the  Thomson  galvano- 
meter is  proportional  to  the  product  of  the  magnetic  force  by  the  current 
through  the  gold  leaf.  This  is  not  the  same  as  saying  that  the  effect  on  the 
Thomson  galvanometer  is  under  all  circumstances  proportional  to  the  current 
which  is  passing  between  the  poles  of  the  magnet.  If  a  strip  of  copper  of  the 
same  length  and  breadth  as  the  gold  leaf,  but  i  mm.  in  thickness  is  substituted 
for  the  latter,  the  galvanometer  fails  to  detect  any  current  arising  from  the 
action  of  the  magnet,  except  an  induction  current  at  the  moment  of  making  or 
breaking  the  magnetic  circuit." 
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The  Eighty-fourtli  Ordinary  General  Meeting  of  the  Society  was 
held  on  Wednesday  evening,  February  25th,  1880,  at  the 
Institution  of  Civil  Engineers,  25,  Great  George  Street, 
Westminster — Mr.  W.  H.  Pkeece,  President,  in  the  chair. 

The  minutes  of  the  previous  meeting  having  heeu  read,  and  the 
names  of  new  candidates  announced — 

The  President  said :  Before  commencing  the  items  set  down 
for  this  evening  I  have  one  remark  to  make,  which  is  perhaps 
rather  of  a  personal  nature. 

In  the  address  that  I  had  the  honour  of  reading  hefore  you,  on 
the  28th  January,  I  eaid  that  "  the  telephone — the  great  excite- 
ment of  the  previous  session — has  made  but  little  progress  during 
the  past  year,  though  there  is  no  doubt  that  through  the  discovery 
of  the  principle  of  the  microphone  by  Professor  Hughes  tho 
practical  application  of  that  wonderful  instrument  had  been  much 
improved.  In  fact,  Professor  Graham  Bell,  Mr.  Edison,  Mr.  Elisha 
Uray,  and  all  those  who  have  been  working  in  this  field  have  laid 
aside  their  form  of  transmitter,  and  have  r.dopted  one  that  ie  a 
mere  form  of  microphone." 

I  find,  on  inquiry,  that  the  statement  I  made  that  Mr.  Eidison 
has  abandoned  his  o;vn  particular  form  of  transmitter  and  used  a 
form  of  microphone  is  not  strictly  correct.  The  form  of  transmitter 
now  used  by  Mr.  Edison  differs  but  very  little  from  that  which  ha 
med  before  the  introduction  of  the  microphone,  and  aa  so  tqmi.-^ 
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controversies  are  arisiDg  on  technical  points  connected  ■with  tele- 
phones, I  think  it  most  eseential  that  I  should  not  err  on  any 
point  of  fact,  whatever  opinions  I  may  hold.  Such  opinions  are 
my  own,  and  I  am  quite  free  to  express  them,  bnt  facts  are  public 
property.  I  have,  and  have  expressed,  strong  opinions  in  the 
matter  of  telephones  and  microphones,  but  I  readily  confess  that 
in  my  address  I  made  a  mistake  on  this  particular  point,  and, 
therefore,  I  propose  to  alter  the  sentence  that  it  may  read  thus — 
"In  point  of  fact,  Professor  Graham  Bell,  Mr,  Elisha  Gray,  and 
most  of  those  who  have  been  -working  in  this  field  have  laid  aside 
their  own  particular  form  of  transmitter,  and  have  adopted  one 
that  is  a  mere  form  of  microphone." 

To  proceed  with  the  business  of  the  evening,  I  will  thank  any 
gentleman  for  his  obeervatioas  on  Mr.  Eden's  paper  on  "Morse 
Signalling  by  Magneto -Electric  Currents." 

No  remarks,  however,  in  addition  to  those  made  on  the  previous   - 
occasion  being  offered,  the  meeting  proceeded  to  the  continuation 
of  the  discussion  on  Mr.  Wilson's  paper — "  Compensating  Induc- 
tion in  Parallel  Circuits." 

Mr.  J.  T.  Hill  said  that  in  reply  to  a  question  from  Mr. 
Steams  at  the  last  meeting,  if  any  variation  had  been  noticed  in 
this  country  in  the  capacity  of  the  condenser  required  in  different 
states  of  the  weather,  he  would  remark  that  there  was  a 
noticeable  difference.  It  did  not  appear  that  the  variation  was 
uniform  or  followed  anv  particular  rule,  but  the  general  tendency 
was  that  less  condenser  was  required  in  wet  than  in  fine  weather. 
This  would  be  seen  in  the  following  observations  taken  : — 
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In  the  later  observations  the  resistance  of  the  line  was  also 
noted  and  recorded ;  but  beyond  the  fact  that  there  was  a  general 
tendency  in  the  same  direction,  in  both  the  resistance  of  the  line 
and  the  capacity  of  the  condenser  used,  there  did  not  appear  to 
be  any  uniform  rule  governing  the  two  together,  the  resistance 
being  sometimes  comparatively  high  when  the  condenser  was  low, 
and  vice  versa ;  but  still  the  tendency  was  the  same  in  both— to 
rise  in  fine,  and  to  fall  in  bad  weather. 

Mr.  WiLLOUGHBT  Smith  asked  if  the  absolute  resistance  d 
the  line  could  be  given,  as  well  as  the  capacity  of  the  condense 
used  on  the  days  named,  as  he  believed  that  the  variable  resistance 
cf  the  line  would  account  for  the  variation  required  in  the  capacity 
of  the  condenser  for  duplexing  in  wet  weather,  as  mentioned  bj 
Mr.  Steam. 

As  regards  Mr.  Wilson's  paper  he  (Mr.  Willoughby  Smith] 
was  sorry  he  had  to  leave  the  last  Meeting  while  so  important  i 
subject  was  being  discussed  by  three  such  eminent  men  as  Professor 
Hughes,  Professor  Ayrton,  and  Professor  Perry,  but  from  what  he 
had  heard  of  the  discussion  there  appeared  to  be  a  confusion  (i 
terms  which  prevented  bim  from  always  grasping  the  meaning  of 
the  speaker.  He  would  illustrate  on  the  black-board  the  several 
forms  of  induction  as  he  understood  them,  and,  if  he  was  in  em?, 
perhaps  those  more  conversant  with  the  subject  would  kindly  put 
him  right.  He  then  showed  how  the  induction  of  a  coil  of  insulated 
copper  wire  immersed  in  water  in  an  insulated  tank  could  be 
accurately  measured  in  six  dififerent  ways.  First,  by  connecting 
one  pole  of  the  battery  to  a  copper  plate  immersed  in  the  water  in 
the  insulated  tank,  the  other  pole  of  the  battery  being  attached  to 
one  terminal  of  the  galvanometer,  then,  when  the  other  terminal 
of  the  galvanometer  was  brought  into  contact  with  one  end  of  the 
coil,  the  other  end  of  the  coil  being  free,  a  deflection  would  be 
observed  on  the  galvanometer.  This  he  understood  as  charge. 
Secondly,  if  one  terminal  of  the  galvanometer  was  connected  to 
earth,  and  the  other  terminal  brought  into  contact  with  the  end  of 
the  coil  immediately  after  the  coil  had  been  charged,  the  needle  cf 
the  galvanometer  would  be  deflected  to  the  same  degree  as  in  ttl 
first  experiment,  but  iu  the  opposite  direction.     This  he  understooi 
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as  discharge.  Thirdly,  the  galvanometer  could  be  connected  m 
the  circuit  of  the  copper  plate  in  the  water,  and,  then,  on  the  coil 
being  charged  the  needle  of  the  galvanometer  would  be  deflected 
as  before.  But  it  was  needless  to  proceed  further,  as  it  would  be 
readily  seen  the  viirioiis  ways  there  were  to  obtain  the  same  result, 
and  whichever  way  the  result  was  obtained  he  understood  the  effect 
t)  be  electrostatic  iu'Iuction,  and  the  sole  cause  of  retardation  in 
ihe  working  of  submarine  cables.  The  President  in  that  able 
address  which  he  bad  so  recently  read,  bad  said  that  Faraday's 
"Experimental  Researches  in  Electricity"  ought  to  be  every 
electrician's  bible.  Mr.  Smith  agreed  that  it  was  no  doubt  "  the 
book  "  in  which  to  obtain  a  comprehensive  knowledge  of  induction. 
If  two  coOa  of  insulated  wire  or  two  parallel  wires  were  brought 
into  close  proximity  to  each  other,  and  a  current  sent  through  one, 
an  instrument  in  circuit  in  the  other  would  be  affected  on  either 
imaking  or  breaking  the  battery  circuit.  This  he  understood  as  an 
induced  current.  The  effect  of  such  a  current  was  mauifeated 
while  laying  the  cable  between  Brest  and  St.  Pierre  in  1869.  The 
2753  knots  of  cable  were  coiled  in  one  continuous  length  into  three 
tajiks  on  board  the  "  Great  Eastern,"  the  first  end  was  taken  into 
the  test  room  on  board,  and  900  knots  coiied  in  the  main  tank, 
then  921  into  the  after  tank,  and  719  into  the  fore  tank,  and  then 
the  213  remaining  knots  were  coiled  ou  the  900  knots  in  the  main 
tank,  the  end  being  taken  to  the  shore  station.  When  the  cable 
was  charged,  or  its  electrical  condition  in  any  way  changed,  the 
two  coils  in  the  main  tank  acted  inductively  on  each  other,  the 
consequence  being  that  when  shore  gave  the  continuity  signal  a 
deflection  was  immediately  received  on  the  ship's  galvanometer, 
due  to  the  induced  current,  followed  after  an  appreciable  time  by 
the  true  current.  The  efi'eot  of  the  first  current  was  christened 
"The  Ghost,"  and  it  continued  until  the  213  knots  were  laid, 
when  it  entirely  disappeared.  If  a  length  of  wire  forming  the  cir- 
cuit of  a  galvanometer  be  passed  quickly  through  the  magnetic 
field  a  deflection  on  the  galvanometer  would  be  observed.  This 
phenomenon  being  more  marked  in  a  coiled  cable  on  shipboard, 
especially  when  the  ship  rolled  freely.  In  fact,  by  careful  obser- 
vatioQS  during  the  laying  of  a  cable  the  electrician  al,  ttie  sWia 
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station  could  estimate  the  extent  of  the  roll.  This  he  understood 
to  he  true  magnetic  induction.  Aerial  wires  would  be  iniluenced 
more  or  less  by  static  induction,  by  induced  currents,  and  by  true 
magnetic  induction,  and  knowing  the  variable  character  of  each, 
he  could  readily  understand  the  difficulties  attending  any  system 
of  compensation.  Mr.  Smith  then  described  a  recent  experiment 
he  had  made  which  illuistrated  the  electrical  and  other  properties 
of  gutta  percha.  A  bladder  of  that  material  203-6  square  inch  area, 
and  -00065  of  an  inch  in  thicknes.^,  containing  12  lbs.  14  oz.  of  water, 
was  suspended  in  an  inverted  glass  shade  containing  water ;  a  copper 
wire,  in  contact  with  the  water  in  the  bladder,  and  passing  through 
the  neck  of  the  same,  was  connected  to  one  pole  of  a  battery  of 
100  cells,  the  other  pole  being  connected  to  one  terminal  of  an 
astatic  mirror.reflwcting  galvanometer,  the  other  terminal  of  the 
galvanometer  being  connected  to  a  copper  plate  immersed  in  the 
water  in  the  glass  shade.  The  absolute  resistance  of  the  gutta 
percha  after  one  minute's  electrification  was  1487"(>  megohms,  and 
after  ten  minutes  4103'8  megohms.  The  polarization  or  electrifi- 
cation was  regular  and  uniform  with  both  currents,  in  fact,  its 
behaviour  was  the  same  as  that  of  cores  of  submarine  cables.  The 
absolute  inductive  capacity  was  "2266  microfarads,  equal  to  about 
1600  yards  of  core  containing  107  lbs.  of  copper  and  140  lbs.  of 
gutta  percha  per  nautical  mile. 

Professor  Athton  :  Looking  at  the  very  interesting  table 
exhibited  by  Mr.  Hill,  of  the  various  resistances  and  capacitiee 
necessary  to  give  to  the  artificial  lines  in  duplex  working,  it  will 
be  seen  that  on  the  whole  small  capacity  accompanies  low  resist- 
ance, and  that  both  are  found  to  exist  together  on  damp  days. 
But  I  do  not  think  from  this  we  can  conclude  whether  or  not  the 
absolute  capacity  of  a  perfectly  insulated  land  line  would  increase 
or  decrease  in  wet  weather.  In  duplex  working,  tbe  capacity  of  a 
line  raeansthe  rush-out  of  electricity  when  a  battery  is  disconnected 
from  a  Une,  the  other  end  of  which  is  to  earth  through  the  bridge 
or  other  duplex  signalling  arrangement ;  and  since,  from  defective 
insulation,  the  line  becomes  practically  shorter  in  wet  weather  thMi 
in  dry,  we  might  expect  the  rnsb-out  to  be  less  in  the  former  case 
than  in  the  latter. 


r 


]  DISCDSSION  ON  MR.  WILSOS'S  PAPER.  75 

But  although  from  the  adjustments  used  in  duplex  working  it 
is  very  difficult  to  aay  whether  or  not  the  specific  inductive  capacity 
•of  air  alters  with  the  weather,  there  ought  to  he  no  difficulty  in 
deciding  this  question  experimentally  ;  for  the  combination  of  the 
three  tests  on  any  wire,  tbe  conduction  test,  the  insulation  teat,  and 
the  discharge  test  with  tlie  other  eud  of  the  line  insulated,  furnish 
materials  for  calculating  approximately  tbe  actual  capacity  of  the 
line  at  any  particular  time,  and  a  comparison  of  these  capacities 
in  different  occasions  would  decide  the  matter. 

As  regards  the  vexed  question,  tlie  relative  importance  nf 
electro- static  and  electro-magnetic  induction  in  interfering  with 
the  working  of  telegraph  lines,  I  think  there  can  be  little  doubt 
that  these  two  kinds  of  induction  do  really  exist  from  wire  to  wire, 
When  a  current  is  sent  into  a  telegraph  line,  say,  a  positive  cur- 
rent, then  all  parts  of  that  wire  are  charged  to  apcsitivo  potential, 
which  is  less  and  less  as  we  approach  the  other  end  of  the  line. 
All  portions -of  any  adjacent  wire  which  baa  one  or  both  of  its  ends 
lo  earth  will  consequently  be  charged  negatively  by  statio  induc- 
tion. On  discharging  the  first  wire,  a  rush  of  negative  electricity 
will  take  place  from  both  ends  of  the  second  wire,  if  both  ends  of 
this  wire  be  to  earth.  On  the  other  hand,  when  the  current  is 
stopped  in  the  first  wire,  then  due  to  electro.rfhagnetic  induction, 
tliere  will  be  a  momentary  positive  current  set  up  in  the  second  wire, 
iliat  is,  a  rush  of  positive  into  the  secondary  wire  at  the  sending 
wnd,  and  a  rush  of  positive  electricity  out  of  the  secondary  wire  at 
the  receiving  end.  At  the  sending  end,  then,  the  effects  of  static 
and  of  electro-magnetic  induction  of  one  wire  on  an  adjacent  one  are 
combined,  whileat  the  receiving  end  they  are  opposite  in  character. 

Since  the  last  meeting,  I  have  made  a  short  calculation*  as  to 
the  relative  amounts  of  discharge  at  the  receiving  end  produced  in 
a  wire  by  elecbro-atatic  and  electro- magnetic  induction  from  a  neigh, 
bouring  one  through  which  a  battery  current  is  sent  and  stopped, 
aad  I  find,  if  E  be  the  electro-motive  force  of  the  battery,  I  the 

;th  and  r  the  radius  of  either  wire,  d  the  distance  between  the 

jndary  and  tbe  primary,  L  the  resistance  of  the  secondary  wire, 

•  Given  at  tlie  coiicluaion  of  the  discusaiou,  page  8L. 
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and  R  the  reaistaoce  of  the  signalling  arrangement  at  either  end  of 
thelatter,  that  the  quantity  of  electricity  discharged  at  the  receiving 
end  of  the  secondary  wire,  by  the  cessation  of  electro-static  induction 
when  the  current  in  the  primary  is  stopped  and  the  primary  there- 
fore  discharged,  is  roughly 

Er 


in  electro. magnetic  units,  v  being  the  ratio  of  the  electro-magoetic 
unit  to  the  electro.static  unit  of  electric  quantity.  On  the  other 
hand  the  discharge  from  the  sending  end  of  the  secondary,  due  to 
electro-magnetic  induction  when  the  current  in  the  primary  is 
stopped,  is 


k   being  the  height  of  the  primary  wire   from  the  ground,  the 
parallel  secondary  beicg  at  a  distance  d  vertically  underneath  it. 
The  ratio  of  these  two  quantities  is,  therefore, 


16  dv'  log  J 


From  this  we  see  that,  if  the  radius  of  the  wires  be  small  or  if 
the  lines  be  short,  the  discharge  from  a  line  due  to  the  electro- 
static induction  of  a  neighbouring  wire  will  he  much  less  than 
that  arising  from  the  electro.magnetic  induction,  but  if  the  wires 
be  thick  and  long,  then  electro- static  induction  from  wire  to  wire 
will  be  far  more  important  than  the  electro-magnetic.  And  I 
find  that  the  former  becomes  roughly  six  times  the  latter  when 
the  lines  are  500  miles  loug,  composed  of  No.  8  iron  wire,  and 
when  a  signalling  arrangement  having  a  resistance  of  1,000  ohmB 
is  employed  at  each  end  of  the  secondary. 

Mr.  Adams  thought  that,  whereas  electro- static  induction  came 
into  play  during  and  after  the  passage  of  a  current,  electro- 
magnetic induction  took  effect  during  the  precise  interval  between 
different  electrical  conditions, — in  fact,  at  the  moment  of  Tnake  or 
break  of  a  circuit, — and  that,  practic^y,  the  electro-ma^etic 
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effect  was  of  bo  short  duration,  as  compared  with  the  static,  that 
disturbances  due  to  the  former  were  far  leas  perceptible. 

As  regards  the  effect  of  weather  upon  the  static  condition  of 
wires,  there  really  existed  no  criteria.  It  sotaetimea  occurred  that 
damp  weather,  whilst  reducing  the  insulation  of  a  wire,  appeared 
to  increase  its  static  capacity,  although  a  continuance  of  rain  wonld 
again  reduce  it — an  anomaly  unaccountable  tohim,  unless  it  might 
Iw  assumed  that  a  larger  electrical  superficies  was  temporarily 
given  to  the  wire  by  the  formation  of  a  coating,  of  damp,  greasy, 
dust. 

Professor  Atrton  remarked  that  it  was  exceedingly  probable 
that  the  electro -static  capacity  of  a  telegraph  line  increased  in  wet 
weather;  for  suppose  that,  from  floods,  the  level  of  a  river  rose 
until  it  nearly  was  as  high  as  that  of  a  telegraph  line,  then  there 
could  be  no  doubt  that  the  capacity  of  the  portion  of  the  line  over 
the  river  would  be  immensely  increased.  Kow,  although  perhaps 
merely  damp  air  might  not  have  a  very  different  specific  inductive 
capacity  from  dry,  analogy  would  lead  us  to  conclude  that  air 
actually  containing  globules  of  water  must  necessarily  have  a  much 
higher  specific  inductive  capacity,  and  that,  therefore,  the  true 
capacity  of  au  aerial  line  during  rain  would  be  much  higher  than 
in  dry  weather. 

Mr,  C.  A.  MOBGAlf  gave  an  instance  touching  upon  the  point 
m  question.  One  morning  recently,  about  ten  o'cloclc,  while 
balancing  a  London. Liverpool  wire  of  No.  8  gauge,  the  weather 
being  fine,  the  resistance  of  the  circuit  was  4,400  obma,  and 
electro. static  capacity  3'n  microfarads.  A  little  later  in  the  day, 
about  12  noon,  rainy  we!ither  prevailing  reduced  the  resistance  to 
2,000  ohms,  hut  no  alteration  in  the  condenser  was  necessary,  as, 
the  electro -static  capacity  of  the  line  appeared  to  he  the  same,  as 
having  a  differential  galvanometer  in  the  circuit  for  balancing 
purposes,  any  discharge  from  the  line  would  soon  have  shown  itself. 
A  similar  instance  occurred  when  the  above  wire  was  crossed  with 
a  No.  4  gauge  wire  yesterday :  the  rest  of  the  circuit  was  reduced, 
but  the  electro- static  capacity  remained  the  same,  viz  ,  3'5  micro- 

Huads. 

I     In  regard  to  the  effects  of  electro-static  and  eVecVtQ-A'itiAtts.Vc 
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induction,  it  was  worthy  of  remark,  tbat  in  Ihe  form  of  transmitter 
originally  used  on  the  lirst  introduction  of  Wheatstone's  automatic 
apparatiis,  certain  effects  were  noticed  which  prevented  a  constant 
high  rate  of  speed  being  attained.  Intermittent  currents  were  at 
that  time  employed,  Mr.  Culley's  compensating  arrangement  was 
introduced,  and  the  ill  effects  disappeared.  Subsequent  improve- 
ments in  the  receiving  apparatus  have  enabled  working  with 
permanent  currents  through  long  distances  at  higher  speeds  than 
■were  previously  thought  attainable.  The  cause  of  this  improve-  | 
ment  appeared  to  be  due  to  the  coastruction  of  tha  electro.magnet  I 
in  the  present  form  of  receiver,  and  that,  whereas  in  tbe  old  form  ' 
of  receiver  the  armature  was  made  by  means  of  two  fcmall  perma- 
nent magnets  with  their  reverse  ends  adjacent,  in  tbe  form  now 
in  use  the  electro -magnet  and  armature  were  shortened  and  in- 
duced by  an  adjacent  permanent  magnet.  (A  detailed  explanation 
was  given  of  tbe  magnetic  action  in  both  forms  of  receiver.)  The 
question  waa  whether,  owing  to  tbe  fact  that  tbe  cores  and  arma- 
ture were  polarised  bv  a  more  powerful  magnet,  the  electro-magnet 
induced  current,  supplemented  by  the  magneto- electric  induced 
current,  were  of  such  strength  and  direction  as  to  oppose,  and 
consequently  neutralise  the  effect  of  the  retardation  cuirent 
following  the  arrival  of  tbe  actual  signal  current. 

Professor  Hdghes  :  The  discussion  has  deviated  from  tbe 
original  subject  of  Mr.  Wilson's  paper,  which  treats  of  the 
induction  felt  upon  the  second  wire,  and  not  that  on  the  trans- 
mitting wire  itself.  It  is  not  static  induction,  which  is  well 
known,  but  tbe  electro-magnetic  induction  which  is  felt  on  wires 
near  the  transmitting  wire  in  countries  possessing  dry  atmosphere, 
such  as  the  United  States  and  France.  Faraday  studied  both 
kinds  of  induction,  and  made  experiments  in  each  direction.  In 
countries  possessing  dry  atmosphere  the  magnetic  field  siirrounding 
a  wire  along  which  a  current  is  passing  makes  itself  inconveniently 
felt  on  its  neighbouring  wires  ;  and  Mr.  Wilson  deserves  great  credit 
for  having  brought  before  us  his  solution  of  a  great  and  increasing 
practical  difficulty  experienced  upon  long  aerial  lines  in  dry 
climates.  It  would  have  given  me  more  pleasure  if  our  discussion 
on  this  subject  could  have  brought  out  some  still  more  practical 
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remedies,  but  tlie  discussion  has  wandered  off  into  theoretical 
views,  which,  however  beautiful  in  themselves,  does  not  bring,  nor 
even  suggests,  a  remedy  for  lateral  induction. 

The  question  is  a  very  difficult  one,  and  a  Commission  has  been 
sitting  in  France  since  3SG8  attempting  to  thoroughly  solve  it,  but 
lip  to  the  present  time  no  solution  has  been  arrived  at.  For 
whilst  it  ia  comparatively  easy  to  neutralize  the  induction  by 
condensers  and  similar  remedies,  tbey  introduce  at  the  same  time 
an  extra  cause  of  difficulty  in  working,  'which,  in  most  cases,  makes 
the  remedy  worse  than  the  disease. 

I  do  not  despair,  however,  of  seeing  some  day  a  perfect 
resolution  of  this  problem,  and  our  best  thanks  are  due  to  Mr. 
Wilson  for  having;  not  only  attempted  a  solution,  but,  as  regards 
tno  lines  alone,  practically  succeeded. 

Mr.  SpaqholETTI  explained  difficulties  he  had  experienced  in 
1870  on  long  wires,  owing  to  this  induction.  Complaints  of 
contact  reached  him.  Thorough  search  with  an  astatic  galvano. 
meter  for  fault  was  made,  nothing  was  found.  Bad  earth  wires 
were  suggested  as  the  cause.  All  earth  wires  were  renewed,  but 
still  the  effect  continued  :  signals  by  automatic  instruments  escaped 
from  their  proper  wires  on  to  their  neighbours  and  caused  con- 
fusion. The  Post  Office  authorities  then  caused  experiments  to  be 
made,  and  their  officer,  Mr.  Marsou,  reported  induction  as  the 
cause.  The  effect  was  ultimately  got  over  by  changing  the 
poeitiona  of  the  wires  on  the  poles. 

Professor  Ateton  disagreed  wiib  Prof.  Hughes's  view  that  the 

action  of  one  telegraph  wire  on  an  adjacent  one  was  only  electro- 

m^netic ;  for  be  held  that,  when  a  current  was  started  or  stopped 

in  a  wire,  the  electro-magnetic  field  was  undoubtedly  changed  in 

I    the  neighbourhood ;  hut  wbde  the  current  was  flowing  there  was  an 

^Biectro-static  field,  and  the  effects  of  the  two  fields  on  a  neigh. 

^^■larlng  line  must  be  taken  into   account  in  any  calculation  of 

^^ftductive  disturbance  from  wire  to  wire.     It  also  appeared  to  him, 

before  discussing  the  different  forms  of  remedies,  to  make  quite 

Bure  what  exactly  was  the  nature  of  the  evil  that  had  to  be  cured. 

The  President  felt  convinced  that  the  electro-static  capacity 

of  the  air  did  vary  between  extreme  weathers.     This  circumstaoae 
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was  easily  accounted  for  in  theory,  but  became  most  difficult  to 
prove  in  practice.  He  had  tried  almost  every  conceivable  experi- 
ment in  tbe  matter.  Condensers  had  been  placed  in  aqueous 
vapours  of  various  density,  but  no  reliable  result  aa  to  the  extent 
of  variation  had  yet  been  arrived  at.  Tiie  results  obtained  from 
duplex  working  were  not  convincing ;  but  one  phenomenon 
ivaa  invariably  present  during  wet  weather  which  prompted  tbe 
supposition  that  signals  were  more  retarded  in  consequence.  The 
tailing-off  of  signals  and  diminished  rate  of  working  of  fast  speed 
apparatus  might  be  due  to  other  causes  than  variation  of  capacity, 
but  there  was  every  reason  to  believe  that  such  effects  were  due 
either  to  polarisation  on  the  insulators  or  to  the  variation  of  the 
electro. static  capacity  of  the  air.  Such  a  question  might  be  solved 
by  members  of  the  society  vigilantly  noting  all  variations  of 
capacity  and  tracing  their  cause. 

The  subject  of  electro-static  and  electro-magnetic  induction 
was  brought  before  the  Society  in  1872,  and  the  experiments 
referred  to  by  Mr.  Spagnoletti  were  then  related.  At  that  time 
Mr,  Culley  and  himself  investigated  the  two  phenomena,  and  the 
result  arrived  at  was  that  in  open  wires  in  England  the  effects  of 
electro-magnetic  induction  was  practically  nothing  as  regarda 
working,  while  electro -static  induction  very  detrimenta,lly  inani. 
fested  itself. 

The  nature  of  either  kind  of  induction  was  qui1e  different  from 
the  other.  Its  direction  at  the  further  end  differed  in  each  case. 
If  two  wires  running  side  by  side  be  taken,  and  a  current  sent 
along  one,  it  would  at  once  be  seen,  on  the  second  wire,  whether 
the  effect  be  electro-static  or  electro- magna  tic ;  and  such  effect 
agreed  with  Professor  Hughes'  proportion  of  one-tenth.  Professor 
Ayrton  had  shown  that  the  two  kinds  of  induction  are  always 
present,  and  must  perforce  be  present ;  but  there  was  this  difference 
between  tbe  two,  that  while  ia  the  case  of  electro- magnetic  induc- 
tion the  effect  diminished  with  the  square  of  the  distance  between 
the  two  wires,  in  the  case  of  electro -static  induction  it  diminished 
only  directly  with  the  distance,  and  where  such  disproportion 
existed  it  was  clear  that  one  power  must  soon  overcome  the  other. 

Mr.  Morgan  had  thrown  out  a  very  interesting  suggestion  as  to 
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wLeLher  currents  of  induction  set  up  by  apparatus  itself  might  not, 
to  a  certain  extent,  counteract  the  induced  current.  That  point 
was  worth  examining,  and  one  that  no  one  was  in  a  better  position 
to  prosecute  than  Mr.  Morgan  himself. 

Mr.  Willoughby  Smith  bad  referred  to  a  third  species  of  induc- 
tion— the  true  magnetic  induction.  This  was  very  apparent  on 
board  ship,  and  also  when  testing  a  cable  from  shore  to  ship.  But 
it  was  also  felt  at  times  in  open  land  wires  when  they  were  swlng- 
iug  through  the  lines  of  the  earth's  magnetism.  But  such  effects 
were  only  felt  on  the  most  sensitive  of  instruments.  Experiments 
performed  by  himself  with  a  telephone  attached  to  an  insulated 
wire,  totally  free  from  electrical  disturbances,  had  shown  currents 
to  exist  that  were  inexplicable,  except  on  the  assumption  that 
they  were  produced  by  the  vibrations  of  the  wire  cutting  the  lines 
Iflf  the  earth's  magnetism. 


BOTE    ON  THE    ELECTRO-ilAGNETIC   AMD    THE    ELECTEO- STATIC 
INDUCTION  EKOir  WIEE  TO  WlllE  IN  TELEGEAPH  LINES. 

Br  W.  E.  AvRTON  avb  John  Pettsr. 
{Saepige  75  nf  the  Diseassi'in  on  Ifi".  Wihon'i  Paper.) 

s  (centiraetre,  gramme,  second). 


¥ 
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Let  I  b«  the  lengtL.  of  tilher  the   primary  or  secondary  telegrapli   ) 
centimetres ; 
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Let  d  be  tha  distance  between  the  two  wires,  in  centimetres ; 

Jjflt  h  be  the  height  of  the  upper  from  the  ground,  in  centimetres ; 

and  for  simplicity  of  calculation,  let  the  two  wirea  be  in  the  same  vertical 

plane,  then  the  number  of  lines  of  force  due  to  the  upper  circuit  which  cut 

through  the  lower  is 

If  then  L  be  the  resistance  of  the  secondary  line  C  D,  and  B  the  resistance  of 
tie  instrumental  arrangemenf;  at  each  endof  the  line,  the  quantity  of  electricity, 
in  electro -magnetic  units  (gramme,  centimetre),  that  will  Sow  through  the 
secondary  telegraph  wire,  due  to  the  starting  or  stopping  of  the  current  c  in  the 
primary,  ia 

2  c  Hog  ^- 
L"+"a"R 
if  the  instramental  arrangements  at  neither  end  of  the  lines  have  any  inductive 
effect  on  one  another. 

The  coefficient  of  electro  .static  induction  per  centimetre  length  of  one 
wire  on  the  other  will,  if  the  distance  from  either  to  the  earth  be  great, 
compared  with  their  distance  asunder,  bo  about 


in  centimetre,  second  electro-static  tinita,  where  r  ia  the  radius  of  the  wire  in 
-centimetres.  Hence  the  static  quantity  of  electricity,  in  electro- magnetic  units, 
induced  in  any  length  dx  of  the  secondary  wire  at  a  diabince  x  from  P  is 

where  v  is  the  ratio  of  the  electro-magnetic  to  the  electro-static  unit  of  electric 
quantity,  or  equal  to  298  x  10*,  and  e  is  the  difference  of  potentiala  between 
the  earth  and  the  point  in  the  primary  wire  opposite  that  in  the  secondary  wire 
of  which  we  are  speaking. 

If  /I  is  the  resistance  per  imit  of  length  of  the  line  wire, 
Ct-»)p-HR 
''  =  ^      L  +  2K 

where,  ae  before,  I  is  the  length  of  the  line,  therefore  the  static  charge  in  any 
-element  da  ate.  point  distant  a  from  F  is 


Iv-i-2 


r-^ 


"When  the  cuiTent  in  the  primary  wire  is  interrupted,  and  the  primary  wire 
therefore  discharged,  this  quantity  of  electricity  will  flow  out  partly  at  one 
end  and  partly  at  the  other  of  the  secondary.  The  fraction  which  discharges 
itself  at  the  sending  end  will  be 

(i_o)pJ-B     ,    , 

L  +  a  it"  '  °^  '^^  precedmg, 
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Bnce  the  total  discharge  from  the  secondary  wire,  flowing  out  at  the  sending 
ad,  due  to  electro- static  induction  from  the  primary,  is 

Er 


r      r  ((Z  — g)p  +  R>  2 
^J    \     LH-2R      I     ^ 


8d 

0 

o  the  assumption  that  there  is  no  electro-static  induction  from  the  instrumental 
rrangement  on  one  line  to  that  on  the  other  at  either  end  of  the  lines. 
And  remembering  that  I  p  equals  Ij,  we  see  that  the  ahove  hecomes 

Er      T  +  ^»+^' 

V 


8  d  v2  (L  +  2  R)2 

Sence  the  ratio  of  the  discharge  arising  from  electro-static  induction  to  that 
>Toduced  by  electro  magnetic  induction  is 

r  (y  H-  li  R  +  R2  ^ 

h 

16  d  TJ*  %  ^ 

^8  an  example,  let  each  line  be  500  miles  long,  and  composed  of  No.  8  iron 
Birire,  having  a  resistance  of  14  ohms  per  mile,  and  a  radius  of  0*085  inches  or 
3-21 5  centimetres.  Let  the  vertical  distance  between  the  two  wires  be  one  foot, 
3r,  say,  80*5  centimetres,  and  the  upper  wire  12  feet,  or  866  centimetres,  f^m 
tlie  ground ;  and  let  R,  or  the  resistance  at  each  end  of  the  line,  be  1,000  ohms. 
Then  L  is  equal  to.6C0  X  14  x  10»  absolute  electro-magnetic  units  of  resistance, 
and  R  to  1,000  X  10^,  so  that  the  preceding  fraction  becomes  equal  to  about  six. 


The  Secretary  then  read  the  following  paper  :— 

ON  A  FAULT  IN  THE  CONSTRUCTION  OF 
DIFFERENTIAL  INSTRUMENTS. 

By  J.  B.  Stearns. 

Probably  every  one  who  has  miade  much  use  of  differential 
measuring  instruments,  and  especially  of  Thomson's  Differential 
Mirror  Galvanometer,  has  observed  that  a  practically  perfect 
balance^  or  equality  of  action  between  the  two  wires,  is  not  difficult 
to  obtain  in  the  first  instance,  but  that  this  balance  is  not  constant, 
the  action  of  one  wire  or  the  other  almost  always  predominating. 

There  are,  I  believe,  more  causes  than  one  for  this  loss  of 
balance ;  for  example,  if,  in  measuring  resistances  with  the 
differential  galvanometer,  we  carelessly  allow  the  current  to  f 


/\T*r 
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for  a  moment  tbrougli  one  wire  only,  or  if,  aa  is  almost  inevitable, 
the  current  in  one  wire  ia  for  a  time  and  uutil  the  rheostat  can 
be  adjusted,  Gtrooger  than  that  in  the  other,  the  temperature,  and 
consequently  the  resistance  of  the  wire  carrying  the  stronger 
current  is  increased,  the  balance  of  the  instrument  itself  is 
disturbed,  and  the  result  of  the  measurement  is  not  trustworthy. 
This,  however,  is  not  the  case  when  the  instrument  is  first  joined 
in  parallel  circuit,  without  external  resistance,  and  the  current 
simultaneously  passed  through  the  two  wires  in  opposite  directions. 
In  this  latter  case  the  currents  in  the  two  wires  commence  to  flow 
at  the  same  instant ;  the  resistance  of  the  wires  and  the  strength 
of  the  current  in  each  wire  should  he,  and  I  believe  are,  exactly 
the  same,  and  still  we  often  find  that  the  balance  is  not  perfect. 
In  practice  I  have  always  found  it  necessary  to  add  external 
resistance  on  the  side  of  stronger  action.  But  if,  as  I  am  convinced, 
this  defect  in  the  instrument  is  not  due  to  any  change  in  the  rela- 
tive resistances  of  the  wires,  this  adding  of  external  resistance  in 
order  to  restore  the  balance  is  at  best  a  vicious  makeshift,  and  the 
results  obtained  by  the  use  of  an  instrument  thus  balanced  are 
not  reliable.  It  ia  scarcely  supposable  that  when  the  instrument 
has  not  been  used  for  some  days  the  temperature  of  one  wire  can 
be  higher  than  that  of  the  other,  or  that  a  change  of  temperature, 
however  great,  should  affect  one  wire  more  than  the  other,  unless, 
indeed,  the  quality  of  the  copper  of  which  the  two  wires  are  com. 
posed  is  different. 

About  a  year  ago  I  thought  that  I  had  found  one  cause  for  this 
variation  in  the  differential  galvanometer,  and  I  communicated 
my  observations,  and  the  inferences  I  drew  from  them,  in  a  letter 
to  our  President,  who  has  been  so  kind  as  to  ask  me  to  prepare 
a  short  paper  on  the  subject  to  be  lead  here  to-night.  Upon  con- 
sideration I  have  thought  it  better  to  read  the  letter  itself  withoat 
additions  or  alterations. 


"Some  weeks  ago  I  bad  a  mirror  galvanometer  wound  differen- 
tially and  very  carefully  adjusted,  first  by  sending  a  current  of  20 
U.  K.  cells  through  one  wire  in  one  direction,  and  back  through  the 
other  wire  in  the  contrary  direction,  as  in  Fig.  1 ,  and  adding  turns  of 
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ST  wire  on  the  weaker  side  until  the  effect  was  nil.    It  was  next  joined 
-    up  in  parallel  circuit,  as  shown  in  Fig.  2,  and  external  resistance 


added  to  one  of  the  wires  until  again  the  effect  was  nil.  This 
galvanometer  gave  satisfactory  resalts,  until,  on  February  9th,  it 
was  found  that  when  it  was  tested,  as  in  Figs.  1  or  2,  it  was 
unbalanced,  and  the  spot  of  light  moved.  Several  turns  had  to  be 
taken  off  one  of  the  wires  to  £^ain  make  it  balance  accurately. 
This  time,  in  adjusting  the  balance,  another  tube,  containing  a 
mirror  much  more  sensitively  suspended,  was  employed.  When  it 
had  been  perfectly  adjusted  again,  I  removed  the  more  sensitive 
mirror,  and  put  its  own  mirror  iu  its  place,  when  it  was  found  to 
be  much  out  of  balance.  After  looking  in  all  other  directions  for 
the  cause  of  this  peculiar  action,  it  was  discovered  that  if  the  tube 
carrying  the  mirror  was  pushed  in  or  drawn  out  a  trifle  it  changed 
the  balance — i.e.,  if  it  was  pushed  in  the  thirtieth  or  fortieth  of  an 
inch,  the  spot  would  move,  say,  to  the  right,  and  if  it  was  drawn 
out  a  like  distance,  the  spot  would  move  to  the  left  1  This  action 
b  somewhat  puzzling.  If  we  suppoae  that  in  the  differential  gal, 
vanometer  there  are  two  magnetic  fields  of  exactly  the  same  extent 
and  intensity  but  of  opposite  polarities,  then  all  parts  of  the  magnetic 
field  are  neutral,  or,  strictly  speaking,  there  is  no  magnetic  field  at 
all.  Then  why  this  action  on  changing  the  position  of  the  magnet 
and  mirror  1 

"  A.S  an  explanation  I  offer  the  following : — In  winding  any 
differential  coil  it  is  the  usual  practice  to  wind  the  two  wires  from 
separate  bobbins,  holding  the  two  wires  firmly  between  the  thumb 
and  finger,  and  allowing  the  wires  to  slowly  traverse  the  coil  from 
right  to  left,  and  back  from  left  to  right  again,  and  so  on  until  the 
^  is  finished.     Now,  although  the  wires  become  crossed  occasion- 
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ally,  stilt  on  the  whole  the  wire  from  the  right  hand  bobbin  will  be 
to  the  right  on  the  coil,  and  nearer  the  right  hand  end  of  the  coil 
than  the  other  wire  by  at  least  the  diameter  of  the  wire ;  but  as  it 
constantly  happens  in  wiudiDg  thai  the  two  wires  become  separated 
to  the  extent  of  a  tenth  of  an  inch  or  more,  this  separation  of  the 
two  wires,  the  right  hand  wire  to  the  right,  and  the  left  hand  wire 
to  the  left,  becomes  still  more  decided.  To  make  my  meaning 
plainer,  suppose  the  two  wires  to  be  of  exactly  the  same  size,  but 
the  right  hand  one  to  be  platinum  and  the  left  hand  one  of 
aluminium.  Now,  when  the  coil  has  been  evenly  wound,  if  it 
could  be  accurately  cut  in  halves  through  the  centre  transversely, 
the  right  hand  half  would  be  the  heavier. 

"  Now,  if  we  make  a  differential  galvanometer  of  two  separate 
coils,  as  shown  in  Fig.  3,  and  put  a  current  through  one  coil  in  one 


direction,  and  through  the  other  coil  in  the  other  direction,  it  is 
obviously  of  importance  that  the  magnet  be  in  the  centre  between 
the  two  coils,  for  if  the  magnet  be  moved  towards  coil  A  the 
influence  of  that  coil  will  predominate  over  that  of  B.  Now  does 
not  an  ordinary  two  wire  differential  coil  to  some  extent  resemble 
the  two  coil  differential  in  the  distribution  of  its  two  wires,  when 
constructed  as  above  described  ? 

"  If  this  view  is  the  correct  one,  this  fault  in  differential  instru. 
ments  may  he  obviated  by  changing  the  relative  position  of  the 
two  wires  at  every  turning,  i.e.,  the  wire  that  waa  to  the  right 
while  winding  the  first  layer  should  be  to  the  left  in  winding  back 
on  the  second  layer,  and  so  on.  Perhaps  the  same  correction  could 
be  secured  by  twisting  the  two  wires  together  before  or  as  they 
were  wound,  but  this  would  be  objectionable  on  several  accounts. 
"  J.  B.  STEARNS.- 

"  Vnltntia,  Pebruarj- 12,  187a," 
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V  I  will  only  add  to  the  letter  the  further  ohaervation,  that  in 
B  order  to  produce  this  want  of  balance  in  the  differential  mirror 
I  galvanometer,  it  is  not  necessary  to  change  the  position  of  the 
tube  within  the  coil,  but  that  a  few  turns  of  one  of  the  levelling 
screwy  in  order  to  bring  the  "spot"  to  tbe  required  heigiit  on  the 
scale,  wiil  produce  the  same  result,  especially  when  the  mirror 
(and  magnet)  are  suspended  at  the  top  only.  This  renders  it  the 
more  important  that  this  defect  in  the  construcjion  of  differential 
instrumenta  should  in  some  way  be  obviated.  I  will  also  observe 
that  I  have,  since  the  date  of  the  above  letter,  taken  advantage  of 
this  very  defect  to  obtain  a  perfect  balance  in  an  instrument  other- 
wise only  approximately  adjusted ;  for  example,  when  the  instru- 
ment is  not  properly  balanced  with  the  mirror  in  the  centre  of  the 
coil,  a  perfect  balance  may  be  obtained  by  withdrawing  the  tube 
or  pushing  it  in  a  little  ;  but  I  believe  a  balance  thus  obtained  is 
a   fictitious  balance,   and    not   to    be   relied   upon   for   accurate 


Mr.  KaiSEB  agreed  with  Mr.  Stearns,  and  believed  that  the 
method  proposed  in  his  paper  would  produce  as  true  a  differential 
as  possible. 

Professor  AyhTON  :  Have  you  abandoned  the  plan  of  spinning 
the  silk  simultaneously  on  two  copper  wires  side  by  side,  so  as  to 
make  a  kind  of  double  wire  for  differential  winding! 

Mr.  Kaiseh  :  Almost  totally.  Such  wire  is  only  used  for 
galvanometers  of  low  resistance. 

Mr.  A.  Le  Neve  Tosteb  also  agreed  with  Mr.  Stearns.  The 
diffictdty  in  differential  winding  was  the  impossibility  of  getting 
two  wires  in  the  same  position  :  the  nearer  that  could  be  done  the 
more  perfect  the  differential.  As  to  the  double  wire  mentioned 
by  Professor  Ayrton,  a  great  objection  to  its  use  was  the  difficulty 
of  repairing  either  wire  in  case  of  breakage.  Uneven  stretching 
of  either  of  such  wires  would  lead  to  error  in  differential  mstm- 
mentti. 

Mr.  StboH  related  hia  experience  in  the  winding  of  electro- 
magnets, and  found  it  the  best  plan  to  measure  off  lengths  of  wire 
required  for  electro-magnets,  and,  fmding  two  of  equaYT 
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use  them  for  a  magnet ;  but  even  then  it  was  sometimes  difficult 
to  obtain  the  same  number  of  turns  for  each  coil. 

A  vote  of  thanks  was  accorded  Mr.  Stearns  for  his  paper. 

The  President  announced  that  at  the  next  meeting  the  sub- 
ject of  the  Electric  Light  would  be  brought  forward,  and  members 
having  lamps  or  other  articles  connected  with  illumination  by 
electricity  were  invited  to  send  them  for  exhibition,  as  all  requisite 
power  for  a  proper  display  would  be  at  the  disposal  of  the  meeting. 

The  Meeting  was  then  adjourned  until  Wednesday,  March  10th. 
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The  Eighty-fifth  Ordinary  General  Meeting  of  the  Society  was 
hold  on  Wednesday  Evening,  March  10th,  1880,  at  the 
Institution  of  Civil  Engineers,  25,  Great  George  Street, 
Westmineter — Mr,  W.  H.  Pseecb,  President,  in  the  Chair. 

After  the  usual  fonnal  business  had  been  gone  through,  the 
following  paper  was  read ; — 

ON    SOME    RECENT    IMPROVEMENl'S     IN     ELECTRIC 
LIGHT  APPARATUS. 

By  Alexandek  Siemens,  (Member.) 

About  two  years  ago  a  paper  was  read  before  the  Institution  of 
Civil  Engineers  by  Messrs.  Brittle  a.nd  Higgs,  on  "  Recent  Improve- 
ments in  Dynamo. Electric  Apparatus,"  treating  chiefly  of  the 
application  of  dynamo  machines  for  producing  light,  and  many 
interesting  facts  were  brought  forward,  not  only  in  the  paper  itself, 
but  in  the  dificuasion  following  it,  to  prove  that  electricity  is,  as  an 
illuminating  agent,  far  superior  to  gas  in  a  great  number  of  appli- 
cations ;  but  it  was  quite  evident,  that  no  extensive  use  waa  made 
of  the  electric  light  for  practical  purposes  at  that  time,  as  only  one 
or  two  statements  were  made  as  to  the  actual  cost  and  the  results 
obtained  in  working  the  light  regularly,  the  discussion  turning 
chiefly  on  theoretical  coiLaideratioiis. 

It  is  gratifying  to  all  those,  who  have  endeavoured  since  thai 
time  to  make  a  general  introduction  of  the  light  possible  by  im- 
proving and  simplifying  the  necessary  apparatus,  that  it  is  at  present 
conceded  on  all  sides,  that  for  all  purposes,  requiring  light  centres 
of  (Teat  power,  the  electric  light  stands  without  a  rival  as  regards 
cheapness  and  efficiency. 

The  attention  of  the  general  public,  which  was  directed  to  the 
subject  of  "  Electric  Light  v.  Gas  Light,"  by  the  Jablochlioff 
lights  being  used  in  the  Avenue  de  I'Opera  in  Paris  and  by  the 
(he  scare  produced  by  Mr.  Edison's  telegrams  in  October,  1S78,  had 
at  first  the  effect  of  inducing  speculators  in  many  parta  of  the 
country  to  display  the  light  on  various  occasions.  In  this  way  the 
KUgfat  was  brought  to  the  notice  of  many  people,  with  whom  only 
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BeeiDg  is  believing,  and  these  temporary  displays  opened  toe  road 
to  a  great  many  permanent  applications. 

Aa  is  the  case  upon  the  introduction  of  any  new  invention, 
there  were  failures  and  succesBss  recorded  and  discussed,  and  the 
supporters  of  the  electric  light  had  often  a  hard  time  with  their 
critics,  as  the  failures  occurred  mostly  on  occasions  when  the  light 
ought  really  to  have  shown  to  its  greatest  advanti^e. 

During  the  lecture  of  our  President  at  the   opening    of   the 
Electric  Light  Exhibition  at  the  Albert  Hall,  the  lights  of  nearly 
all  the  systems  shewn,  behaved  in  a  most  unruly  fashion,  anrl  all 
holders  of  gas  shares  pointed  to  the  fluctuating  Wilde  lights,  to  the 
Jablochkoff  candles,  which  would  not  light,  and  to  the  spluttering 
Siemens  lights,  rejoicing  ttiat  their  gas-light  was  not  like  one  of 
these.     Upon  that  occasioUj  as  at  most  of  these  exhibitions,  the 
installation  of  the  lights  was  of  a  very  temporary  character  and  did 
not  permit  of  a  direct  comparison  with  the  gas-light.     In  places, 
however,  where  proper  arrangements  were  made  for  the  electric  ■ 
light,  few  failures  occurred,  and  each   successful  application  hafll 
brought  in  its  wake  a  number  of  others,  which  could  be  undertaken  I 
with  greater  confidence,  as  the  practical  experience  of  electric 
light  engineers  increased. 

The  lighting  of  streets  was  seriously  contemplated  and  on  several 
iBQportant  towns  applying  to  Parliament  for  powers  to  introduce 
the  electric  lighi  on  a  large  scale,  a  Committee  was  appointed, 
which  investigated  the  subject  thoroughly  with  the  help  of  all  the 
prominent  scientific  and  practical  men,  who  had  studied  tin 
queatiMi.  The  final  Report  of  this  Committee  recognises  the  valu^ 
of  the  electric  light  for  all  purposes,  where  a  concentrated  pOv> 
ful  Ught  is  required,  and  expresses  the  opinion,  that  its  fotn 
development  should  be  encouraged. 

It  was  a  natural  consequence  of  the  continually  increasing 
demand  for  electric  light,  that  the  instruments  existing  at  the  time 
should  be  subjected  to  severe  tests,  and  their  faults  made  the  most 
of  by  its  adversaries.  On  the  other  hand  a  great  many  persons 
found  it  wortli  their  while  to  devote  special  attention  to  the  subject, 
and  they  have  certainly  succeeded  in  making  considerable  advancw  > 
towards  rendering  the  light  as  manageable  and  as  reliable  as  gas.-*l 
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To  do  full  justice  to  all  that  has  been  done  by  way  of  improve- 
ment in  the  various  systems  of  electric  lighting,  is  far  beyond  the 
power  of  an  individual,  and  it  must  be  left  to  the  members  taking 
part  in  the  discussion,  to  render  an  account  of  the  systems  with 
which  the  author  is  not  as  lutimately  acquainted  as  they  are. 

In  the  paper  mentioned  above,  and  on  various  other  occasions, 
notably  in  Dr.  Hopkinson's  Paper  read  before  the  Institution  of 
Mechanical  EngineerSj  it  has  been  demonstrated  that  a  dynamo- 
tnachino  will  develop  in  the  form  of  a  current  of  electricity  up  to 
90  per  cent,  of  the  energy  expended  on  it.  This  result  is  so 
excellent,  that  a  further  improvement  in  this  respect  is  hardly  to 
he  expected.  But  in  the  ordinary  dynamo-machines,  the  intensity 
of  the  magnetic  field,  in  which  the  armature  revolves,  varies  very 
much,  being  greatest  when  the  external  resistance  is  smallest  and 
vi'x  veraa.  If,  therefore,  the  lamps  producing  the  light  are  not 
working  very  regularly,  their  action  re-acts  continually  on  ihe 
machine  in  the  most  unfavourable  way  by  weakening  the  magnetic- 
field  when  the  resistance  is  greatest  and  the  current  most  wajited, 
and  by  inducing  the  most  powerful  currents  when  the  least 
resistance  is  to  be  surmounted.  This  defect  in  the  arrangement 
of  dynamo-machines  often  resulted,  during  practical  work,  in  the 
insulation  of  the  wire  on  the  armatures  being  destroyed  by 
excessive  currents,  if  the  action  of  the  machine  and  of  the  lamp 
were  not  closely  watched,  and  impeded  very  much  the  intro- 
duction of  the  machines  into  general  use,  as  specially  instructed 
workmen  were  not  always  easily  obtainable. 

The  ingenuity  of  inventors  has  been  at  work  almost  from  the 
first  day  of  the  existence  of  dynamo -machines  to  overcome  this 
difficulty,  and,  among  others,  the  following  plans  have  been 
soggasted : — 

In  machines  where  a  number  of  bobbins  revolve  between  the 
fixed  electro- magnets,  the  bobbins  have  been  divided  into  two 
groups,  connected  in  such  a  way  that  the  current  produced  in  one 
group  serves  only  to  excite  the  held-magnets,  and  the  current 
emanating  from  the  otlter  group,  is  utilised  in  the  external  circuit. 

s  plan  was  proposed  by  Mr,  Wilde  early  in  1667,  and  about  the 
me  time  Mr.  Ladd  showed  his  dynamo- machine  at  the  Paris 
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Eshibitiou ;  this  machine  waa  constructed  with  two  revolving 
armatures,  one  of  which  produces  the  current  for  creating  and 
maintaining  the  magnetic-field,  and  the  oOier  the  working  curreut. 

Since  that  time,  a  great  many  variations  of  these  two  plans 
have  heen  patented;  but  they  all  labour  under  the  double 
diaadvantnge  of  making  the  construction  of  the  machines  compli- 
cated, and  of  reducing  their  efficiency. 

In  his  first  communication  to  the  Royal  Society  in  February, 
1867,  Prof,  Wheatstone  suggested  that  the  entire  current  should 
not  he  allowed  to  pass  round  the  electro -magnets,  but  that  a  part 
of  it  only  ehouliJ  be  diverted  for  producing  the  magnetic-field  For 
this  purpose,  comparatively  thin  wire,  having  a  large  resistance, 
is  wound  on  the  electro- magnets,  and  the  connections  are  so 
arranged  that  the  current  produced  in  the  revolving  armature 
divides  in  two  parts — the  one  traversing  the  electro. magnets  only 
and  returning  direct  to  the  helix,  and  the  other  producing  the 
desired  effect  outside  the  machine. 

At  first  sight  this  plan  would  seem  to  answer  all  requirements, 
for  when  ihe  resistance  of  the  light  circuit  increa-ses,  the  ma^ets 
will  receive  an  increased  amount  of  current,  the  intensity  of  the 
magnetic- field  becomes  greater,  and  a  stronger  current  is  produced ; 
on  the  other  hand,  if  the  carlxins  touch,  or  the  resistance  of  the 
light  circuit  is  diminished  by  any  other  cause,  the  electro- magnets 
obtain  a  much  smaller  share  of  the  current,  and  the  destruction 
of  the  insulation  by  short  circuiting  is  made  impossible  if  the 
resistance  of  the  electro-magnets  is  large  enough.  A  further 
important  advantage  is  that  the  magnetic-field  becomes  permanent, 
which  is  of  great  value  for  a  number  of  applications. 

As  a  further  improvement,  it  baa  been  suggested  by  Mr.  Brush 
to  wind  both  the  main  circuit  and  the  high  resistance  shunt  circuit 
on  the  electro -magnets,  in  order  to  get  the  full  effect  of  the 
current  for  exciting  the  magnets ;  but  by  so  doing,  he  incurs  the 
danger  of  burning  the  insulation  of  his  machine  when  it  is  short, 
circuited, 

A  few  days  ago  Dr.  Siemens  communicated  to  the  Royal 
Society  a  paper  containing  some  very  interesting  results  obtained 
by   comparing   the   currents  produced   by  an  ordinary   dynamt 


laSO.]  ELECTKIC  LIGHT  APPARATUS.  'Si 

vftchine,  and  by  a  machine  in  which  the  coila  on  the  field-magnets 
fonn  a  &huDt  to  the  main  circuit.  With  hi3  kind  permission  two 
diagrams  are  placed  before  tlia  Meeting,  showing  the  E.M.F.,  the 
strength  of  the  current,  the  H.P.  absorbed,  and  the  H.P.  utilized, 
when  different  resistances  were  placed  in  the  outer  circuit.  "With 
an  increased  resistance  the  E.M.F.  of  ati  ordinary  machine  rapidly 
diminishes,  and  its  efficiency  becomes  less,  but  ir  the  other 
machine  the  E.M.F.  rises  rapidly  nnder  the  same  circumstances, 
and  its  efficiency  is  not  so  much  affected. 

Notwithstanding  all  these  advantages  this  plan  presents  the 
grave  defect  that  a  disturbance  in  the  resistance  of  the  outer  cir- 
cuit rc-acts  on  the  intensity  of  the  magnetic-Geld,  and  creates  a 
further  fluctuation  in  the  current  passing  through  the  whole 
aystem.  Moreuver,  a  variation  in  the  strength  of  the  field  magnets 
causes  a  corresponding  varialiou  in  the  power  absorbed,  and  thus 
a'ndei-B  the  task  of  the  governorB,  regulating  the  speed  of  the 
engines,  more  difficult ;  it  also  displaces  the  most  favourable  point 
of  contact  for  the  brushes,  and  thus  gives  rise  to  their  rapid  destruc. 
ticn  by  sparking. 

A  constant  and  permanent  mugcetic-field  is,  therefore,  of  para- 
mount importance,  and  it  can  he  produced  in  the  way  proposed  by 
Mr,  Wilde  in  18(33  for  magneto-electric  machines  by  employing  a 
separate  machine  for  exciting  the  field.iuagnela  of  one  or  more 
similar  machines.  The  exciting  machine  has,  in  this  case,  an 
invariable  resistance  in  circuit,  and  will  give  off  a  steady  current, 
maintaining  a  constant  magnetic  field  in  the  light-producing 
machines. 

It  is  obvious  that  the  first  cost  of  the  plant  is  augmented  when 
a  separate  exciter  is  used,  and  for  applications,  where  only  one  or 
two  lifrhts  are  required,  this  increased  outlay  cannot  often  he 
recommended.  In  such  ca-^es  the  machines  can  he  guarded  against 
being  burnt  by  either  adopting  Whaatstone's  shunt-method  or  by 
increasing  the  resistance  of  the  leads  to  the  lamp.  There  is  no 
doubt  that  by  the  latter  plan  the  current  will  be  diminished,  and 
less  light  be  obtained  for  a  H.P..  hut  the  fluctuation  of  the  current 
win  be  far  less  violent,  than  in  an  ordinary  dynamo -machine  con- 
nected with  its  lamp  through  a  small  resistance.     A  few  fi^itfta 
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will  show  tbo  difference  :  the  resistance  of  the  arc  is  about  1  ohm, 
and  usually  *!  of  an  ohm  is  tho  resistance  allowed  ia  the  leading 
wires;  the  external  resistance  of  the  machiae  varies,  therefore, 
from  I'l  ohm,  when  the  light  is  burning  steadily,  to  '1  ohm,  when 
the  carbons  touch ;  that  is  to  say,  the  variation  is  about  90  per  cent, 
of  the  normal  resistance.  When,  however,  leading  wires,  having 
the  resistance  of  1  ohm,  are  inserted,  the  resistances,  under  similar 
conditions,  vary  between  2  ohms  and  1  ohm,  the  fluctuation  is  only 
50°/^  of  th«!  normal  resistance,  and  the  minimum  resistance  is  still 
large  enough  to  prevent  an  immediate  destruction  of  the  insulation. 

The  objection,  therefore,  that  dynamo-machines  are  very  deli- 
cate to  handle  and  require  skilled  attendance,  can  be  met  by  one 
or  the  other  of  the  described  methods,  and  the  machines  can 
now.a.days  be  trusted  to  anybody  who  is  capable  of  oiling  their 
bearings. 

The  alternate  current  machines  have  stood  the  practical  test 
even  better  than  the  dynamo -machines,  which  may  ba  gathered 
from  the  fact  that  the  arrangement  of  their  parts  has  hardly  been 
changed  since  they  were  first  constructed, 

An  important  improvement  has,  however  been  introduced  by 
Messrs.  Siemens  Brothers,  who  omit  in  their  machines  tbe  iron  cores 
of  the  revolving  coils.  The  heating  effect  of  the  cores  caused  by 
the  incessant  reversing  of  their  polarity,  is  thereby  avoided,  end 
the  intensity  of  the  magnetic-field  scarcely  affected. 

From  all  the  above  remarks  it  may  be  gathered,  that  the 
machines  for  producing  the  electric  light,  whether  dynamo- electric 
or  alternate  current,  are  certainly  so  far  perfected  that  nothing 
stands  in  the  way  of  their  being  generally  employed. 

It  would  be  well  for  the  electric  light,  if  a  similar  satisfaction 
could  be  expressed  as  regards  the  lamps,  from  which  the  light 
emanates.  The  very  fact  that  innumerable  inventions  are  con- 
tinually made  in  this  field,  shows,  that  there  is  still  great  room  for 
improvement,  and  that  here  we  encounter  the  main  obstacle  to  the 
introduction  of  the  light. 

On  looking  through  the  patents  recently  taken  out  for  such 
purpose,  it  is  apparent  that  suiiicient  advantage  has  not  been  taken 
of  the  valuable  information  contained  in  Colonel  Bolton's  paper 
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«Btitled,  "  Some  Historical  Notes  on  the  Electric  Light,"  pub- 
lished ID  Part  27  of  the  Society's  Journal,  by  a  perusal  of  which 
aiany  inventors  might  have  saved  tliemselves  considerable  trouble 
and  outlay. 

The  requirements  of  a  lamp,  fit  for  general  use,  may  be  pointed 
out  iu  a  few  words.  Its  construction  should  be  simple,  so  as  to 
make  it  cheap,  and  easily  kept  in  order.  It  should  remain  alight, 
without  attention,  for  any  length  of  time,  buming  either  alone  or 
with  others  in  the  same  circuit.  In  the  latler  case  the  extinguish- 
ing  of  one  light  should  not  affect  the  others,  and  while  being 
steady  and  silent,  its  light  should  be  adjustable. 

Although  these  conditions  seem  bard  to  fulfil,  several  proposals 
have  been  made,  which  come  very  near  to  realising  such  an  ideal 
lamp.  When  the  possibility  of  obtaining  light  by  electricity  first 
presented  itself,  the  incandescence  of  refractory  materials  was  at 
once  thought  of  as  the  light-giving  medium.  The  choice  wa^  not 
very  difficult,  for  platinum  and  carbon  alone  unite  the  necessary 
qualities  of  being  conductors  of  electricity  and  being  capable  of 
resisting  high  temperatures.  But  even  platinum  has  to  be  pro- 
tected against  excessive  currents,  which  would  melt  it,  and  the 
carbon  is  liable  to  be  burnt,  when  exposed  to  the  oxygen  of  the 
air,  while  it  is  heated  by  the  current.  We  find,  therefore,  that 
De  Moleyns  in  1841,  King  in  1845,  and  Staite  in  1848,  propose  to 
enclose  the  incandescent  material  in  glass  globes;  from  which  the 
air  is  exhausted.  Such  incandescent  lamps  evidently  promise  to 
fiilfil  all  that  can  be  desired,  but  their  construction  presents  very 
great  difficulties,  as  a  total  absence  of  oxygen  is  necessary,  if  the 
gradual  destruction  of  the  electrode  is  to  he  avoided.  Another 
form  of  incandescent  lamps  was  brought  to  the  pubhc  notice  about 
sixteen  months  ago  by  Mr.  Reynier  and  by  Mr.  Werdermann,  who 
both  employ  an  incandescent  carbon  rod,  which  is  pushed  against  a 
carbon  disc  by  a  mechanical  contrivance.  In  the  newest  form  of 
his  lamp  Mr.  Werdermann  employs  a  copper  disc  and  claims  the 
advantage  for  it,  that  it  does  not  waste  away.  By  these  lamps  a 
very  steady  light  is  given  out  and  the  whole  construction  is  very 
simple  and  handy,  but  for  a  given  power,  expended  on  the  machine 
producing  the  current,  much  less  light  is  obtained  by  incandescence 
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tban  l)j  an  arc,  aud  the  question  of  cost  makes  them  only  appli. 
oatle  under  certain  favourable  conditions. 

A  second  method  of  making  a  Hiraple  lamp  is  shown  by  the 
conatruction  of  the  Jablocbkoff  candle,  and  the  facility  with  which 
the  whole  apparatus  is  managed,  captivates!  at  once  the  general 
attention,  when  it  was  first  brought  out.  The  successful  applica. 
tion  of  these  candles  to  the  lighting  of  the  Avenue  de  I'Opera 
in  Paris,  as  already  mentioned,  has  given  a  great  impulse  to 
the  introduction  of  the  electric  light  which  was  regarded  up  to 
that  time  by  the  j;eneral  public,  as  a  scientific  toy  incapable 
of  practical  work.  But  these  candles  have  some  serious 
drawbacks  wliich  have  hhown  themselves  during  the  practical 
working  of  the  system.  When  once  a  candle  is  extinguished,  it 
cannot  be  relighted,  and  all  the  candles  in  the  same  circuit  must 
go  out  at  the  same  time.  A  candle  will  last  only  for  a  short  time 
and  special  arrangements  have  to  be  made  to  switch  the  current 
on  to  a  fresh  one.  This  is  either  effected  by  a  commutator  being 
fixed  near  each  lamp,  and  an  attendant  going  from  lamp  to  lamp 
to  turn  the  commutator ;  or  special  wires  have  to  be  laid  to  each 
candle  from  the  machine.  In  tlie  latter  case  the  fresh  candles  ate 
brought  into  circuit  by  a  switch  in  the  engine  room,  but  the  Erst 
cost  of  the  plant  is  thereby  materially  increased. 

Various  proposals  have  been  made  to  relight  candles  automati. 
cally,  and  to  bring  the  fresh  candles  into  circuit  by  mechanical 
contrivances.  But  by  destroying  the  simplicity  of  the  candle  its 
chief  advantage  disappears,  and  the  management  of  those  improved 
forms  requires  considerable  skill  and  knowledge.  A  minor  dia. 
advantage  of  all  candles,  where  two  carbons  are  placed  parallel  to 
each  other,  is,  that  the  light  is  not  evenly  distributed  all  round. 
By  the  use  of  opal  globes  this  fault  is,  however,  to  a  great  extent 
counterbalanced,  hut  at  the  same  time  much  light  is  in  that  way 
sacrificed. 

The  lamps,  in  which  the  carbon  rods  forming  the  electrodes 
are  presented  to  each  other  end  to  end,  are  by  far  the  most 
numerous,  and  they  have  been  brought  to  a  high  state  of  utility, 
although  they  are  of  necessity  more  complicated  than  either 
incandescent  lamps  or  candles. 
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As  these  lamps  prO(3uce  the  light  by  maintaiuing  a  voltaic  are, 
ihe  current  is  better  utilized  in  them  than  in  the  incandescent 
l^imps,  and  they  have  this  advantage  over  the  candles,  that  they 
can  be  more  eaiiily  arranged  to  burn  a  long  time. 

The  first  lamps  of  this  type  were  fitted  with  clockwork,  moved 
by  springs,  and  controlled  by  electro-magnets,  and  were  in  conse- 
quence very  complicated  and  clumsy. 

In  course  of  time  the  weight  of  Ihe  carbon-holders  was  made 
to  move  the  clockwork,  and  the  latter  has  become  simpler  and 
simpler  with  every  new  modificatioD  of  lamp  proposed. 

This  change  from  complication  to  simplicity  is  very  well  illuB- 
trated  by  the  lamps  on  the  table,  constructed  by  Messrs.  Siemens 
Brothers,  and  the  steps  from  one  type  to  the  other  are  sufiiciently 
interesting  to  justify  a  detailed  description. 

The  first  is  the  medium-size  clockwork  lamp,  invented  by  Mr. 
T.  Hefner-Alteneck,  chief  constructor  for  Messrs.  Siemens  and 
Halske,  of  Berlin.  Its  action  may  be  explained  in  this  way: 
The  weight  of  the  upper  carbon-holder  and  its  carbon  imparts 
motion  to  the  wheels,  and  lifts  the  lower  carbon-holder  until  the 
carbons  touch,  and  tliB  current  begins  to  flow.  On  its  way  to  the 
carbons  the  current  has  to  pass  aa  electro-magnet,  and  sets  the 
armature  of  the  same  in  a  vibrating  motion,  and  this  turning  a 
ratchet  wheel,  by  means  of  a  lever  and  a  pawl,  separates  the  carbons 
until  the  current  is  so  far  weakened  that  it  can  no  longer  move  the 
armature.  Means  are  provided  for  moving  either  the  lower  carbon. 
holder  alone,  or  both  carbon- holder.?  at  the  same  time,  and  the 
result  is  that  the  lamp  does  its  work  extremely  well,  but  it 
requires  an  amount  of  skill  and  practice  in  setting  it  to  work  that 
is  at  times  exasperating. 

The  next  form  of  lamp,  also  an  invention  of  Mr.  v.  Hefner, 
recommends  itself  at  once  by  the  almost  total  absence  of  wheels 
and  the  simplicity  of  its  moving  parts.  The  lower  carbon-holder 
is  in  this  lamp  a  fixture,  and  the  upper  carbon-bolder  is  formed  by 
a  rack,  which  in  sinking  down  will  turn  a  pinion.  In  order  to 
moderate  the  speed  with  which  this  pinion  turns,  a  common 
cKcapement-whee!  with  its  pendulum  is  fixed  to  the  same  axle.  A 
movable  frame,  serving  as   a  guide  to  the  upper  eai'Viou-ViaXii.fei:, 
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carries  the  piDion  and  tLe  pnndulum,  being  lifted,  more  or  leas, 
by  a  solenoid  acting  on  an  iron  core  connected  to  tte  framing, 
During  the  normal  burning  of  the  lamp,  a  small  lever  fixed  to  the 
movable  frame  catches  the  pendulum,  preventing  it  from  moving, 
and  thus  keeping  the  upper  carbon-holder  stationary.  "When  the 
arc  becomes  too  large,  or  the  current  is  weakened  by  other  causes, 
the  Bolenoid  will  let  the  frame  drop  a  certain  distance,  the  free 
end  of  the  little  lever  is  arrested  by  a  projection  of  the  lamp 
ca<<ing  and  the  pendulum  is  free  to  move.  The  upper  carbon  will 
then  at  once  descend,  hut  as  soon  as  the  distance  between  the 
carbons  is  diminished,  the  strength  of  current  will  increase,  lift  the 
frame,  and  the  little  lever  will  again  stop  the  downward  motion 
of  the  upper  carbon-holder. 

In  order  to  lessen  the  suddenness  of  the  motion  of  the  framing, 
an  air-pump  is  connected  with  it,  and  a  spiral  spring  is  attached  to 
the  core,  by  which  the  attractive  force  of  the  solenoid  can  be  more 
or  less  assisted  according  to  the  strength  of  the  current.  In 
practical  work  this  form  of  lamp  has  proved  to  be  very  efficient, 
as  its  management  is  easily  understood,  and  hardly  any  part  of  it 
can  get  out  of  order.  Sis  such  lamps  have,  been  in  use  at  Black- 
pool, a  watering-place  in  Lancashire,  during  two  montha  in  all 
sorts  of  weather,  and  never  failed  after  a  few  mechanical  impet. 
fections  had  been  removed.  Similar  lamps  are  at  work  in  the 
British  Museum,  where  all  the  apparatus  has  been  managed,  after 
the  first  fortnight,  by  the  Museum  authorities  themselves,  and  no 
difficulty  has  been  experienced  by  them  in  maintaining  the 
regulators  in  good  working  oider.  A-t  present  these  lamps  are 
being  exchanged  for  others  which  work  on  the  same  principle,  but 
have  the  case  containing  the  solenoid  and  the  moving  frame  above 
the  point  of  light.  This  modification  has  been  adopted  because  it 
facilitates  the  construction  of  suitable  lanterns,  but  it  does  not 
differ  from  the  form  first  described  in  the  way  of  regulating  the 
approach  of  the  carbons. 

In  these  lamps,  as  in  most  of  those  of  other  makers,  the  strength 
of  current  regulates  the  distance  of  the  carbons,  and  the  conse- 
quence is,  that  it  is  not  possible  to  connect  two  or  more  of  them  in 
one  circuit.      To  overcome  this  difiiculty,   Mr.  v,  Hefner   used 
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another  principle,  illustrated  by  the  third  lamp  on  the  table, 
which  in  some  respects  resembles  the  pendulum  lamp.  The  upper 
carbon  is  attached  to  a  similar  rack  moving  in  a  slide,  and  turning 
a  pinion  with  pendulum  attached,  but  the  motion  of  the  movable 
frame  is  governed  by  two  solenoids  instead  of  one.  The  frame  is 
attached  to  a  lever,  which  carries  a  double  iron  core,  reaching  into 
the  two  solenoids.  One  of  these  acts  in  the  same  way  as  the 
solenoid  of  the  pendulum  lamp,  separating  the  carbons  whenever 
ft  current  passes  through  it.  The  other  one  consists  of  fine  wire, 
having  a  high  resistance  and  forms  a  shunt  to  the  main  circuit,  the 
ends  of  the  fine  wire  being  connected  direct  to  the  terminahi  of  the 
lamp,  and  by  attracting  its  core  it  brings  the  carbons  together  or 
releases  the  pendulum  respectively.  The  action  of  these  solenoids 
will,  therefore,  be  balanced  when  the  difference  of  potential  on  the 
two  sides  of  the  arc  is  of  a  certain  magnitude,  depending  on  the 
relative  position  of  the  two  coils  and  the  resistance  of  the  wire  on 
them.  Ey  this  arrangement  the  quantity  of  the  current  flowing 
through  the  lamp  has  no  influence  on  the  relative  position  of  the 
carbons,  and  nothing  prevents  a  large  number  of  them  being 
inserted  into  one  circuit.  In  producing  light  by  alternate  currents 
as  many  as  24  of  these  lamps  have  been  worked  in  series,  and  their 
behaviour  was  all  that  could  be  desired.  In  order  to  make  these 
lamps  independent  of  each  other  a  little  contact  piece  is  attached 
to  the  movable  frame,  which  makes  a  short  circuit  from  one 
lerminal  to  the  other  whenever  the  frame  is  in  its  lowest  position. 
Both  in  the  "  pendulum  "  and  in  the  "  differential  "  lamp  the 
lower  carbon  is  fixed,  the  focus  of  the  light  will  therefore  gradually 
descend.  For  some  purposes  it  is,  however,  necessary  to  keep  the 
focus  in  the  same  place,  and  Dr.  William  Siemens  has  suggested 
a  simple  contrivance  to  attain  this  end.  The  lower  carbon  is 
enclosed  in  a  tube  and,  by  means  of  a  fine  wire,  a  roller  and  a 
weight  pushed  against  a  screw  fixed  to  the  upper  end  of  the  tube. 
As  the  carbon  wastes  away  by  the  action  of  the  current  fresh 
carbon  is  fed  upwards  by  the  weight,  and  the  shape  which  the 
carbon  assumes  admits  of  the  screw  being  far  enough  away  from 
(he  arc  to  prevent  its  being  injuriously  affected  by  the  heat.  It 
is  obrioos  that  in  such  a  case  much  longer  caibons  c&u  b^  'uaa^.^ 
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and  that  the  time,  during  which  a  lamp  can  remain  alight  without 
remosal  of  carbons,  is  thereby  very  materially  increased. 

This  "abutment"  pole  is  employed  for  both  electrodes  in  the 
last  form  of  lamp,  invented  by  Dr.  William  Siemens,  but  the 
screw,  against  which  the  cs.rbons  are  pressed,  has  been  replaced 
by  a  knife-edge,  which  appears  to  give  better  results.  In  this 
lamp  the  carbons  are  placed  horizontally,  and  their  tubes  are 
attached  to  bell  crank-levers,  the  other  ends  of  which  support  the 
core  of  a  solenoid,  on  which  fine  wire  is  wound,  forming  a  high 
resistance  shunt  from  one  terminal  to  the  other.  The  action  of 
the  lamp  is  very  simple;  the  weight  of  the  core,  which  can  be 
varied  at  will,  keeps  the  carbons  apart  when  no  current  passes- 
As  soon  as  a  current  arrives  the  solenoid  will  lift  the  core,  the 
carbons  touch  for  a  moment  and  the  arc  is  established,  the  further 
resulation  depending  again  on  the  difference  of  potential  only,  and 
being  independent  of  the  strength  of  the  current.  It  will  be 
noticed  that  no  wheels  whatever  enter  into  the  construction  of  this 
lamp,  and  that  all  its  parts  are  exceedingly  simple. 

There  is  no  doubt  that  other  makers  have  made  a  similar 
progress  in  the  construction  of  their  lamps,  but,  as  stated  above, 
their  variety  is  so  great,  that  the  task  of  describing  them  can 
hardly  be  undertaken  by  any  one  person  alone,  but  especially  by 
the  author,  whose  intimate  connection  with  one  system  makes  him 
somewhat  blind  to  the  advantages  of  others. 

A  further  requisite  for  the  production  of  a  good  electric  light 
are  suitable  electrodes,  and  at  present  it  seems  settled  that  carbon 
is  the  right  material  for  the  purpose.  Various  plans  have  been 
suggested  to  arrest  or  retard  the  wasting  of  the  carbons,  but  none 
of  them  h&s  as  yet  undergone  a  practical  test,  and  nearly  all  of 
them  have  the  disadvantage  of  complicating  the  construction  of 
the  lamps.  On  the  other  hand,  great  attention  has  been  paid  to 
the  manufacture  of  carbons,  and  their  quality  has  consequently 
much  improved  since  larger  quantities  of  the:a  have  been  con- 
sumed. 

It  can,  therefore,  safely  he  said,  that  the  apparatus  necessary 
for  the  production  of  the  electric  light  has  at  present  reached  a 
sufficientlyadvancedstageto  make  its  general  introduction  y 


\ 


iseo.]  ELECTRIC  LIGUT  APPAEATUS.  101 

As  soon,  however,  as  the  general  public  is  invited  to  make  use 
of  the  electric  light  for  ordinary  lighting  purposes,  the  question 
uicost  decides  its  adoption  or  rejection  in  every  particular  case, 

A  short  calculation  will  show  that  a  strong  light,  produced  by 
a  continuous  current,  is  very  much  cheaper  than  a  number  of 
alternate  current  lights,  which  in  their  turn  are  more  economical 
than  gas  lights,  provided  that  in  all  three  cases  the  same  amount 
of  light  is  generated.  In  making  the  comparison,  it  is  assumed 
that  a  100  candle  Sugg  gas-burner  will  consume  23  cubic  feet  of 
gas  per  hour,  costing  3s,  6d.  per  1,000  cubic  feet :  further,  that  a 
400  candle  alternate  current  light  requires  J  horse-power,  and 
that  it  consumes  3  inches  of  carbon  per  hour,  costing  4^d.  per  foot ; 
and  that  a  6,000  candle  continuous  current  light  requires  4  horse- 
power, consuming  3  inches  of  carbon  per  hour,  costing  8d  per  foot. 

When  the  electrical  machines  are  driven  by  a  gas  engine  con. 
Burning  26  cubic  feet  of  gas  per  hour  per  horse. power,  the  relative 
cost  of  maintaining  a  light  of  6,000  candle  power  is  as  follows : — 

£    s.  d. 
Fwgda 0     4  10 

For  alternate  current  electric  lights  (15 — 400  candle  lights) : 

s.    d. 

200  cubic  feet  of  gas  for  the  motor    0     SJ 

3  feet  9  inches  of  carbon,  at  4id.  per  foot  1     4| 

Attendance,  &c,       ...         ...         ...         ...       0     6 

Total  cost  ...      2    7 

showing  a  saving  of  47  per  cent,  over  gas. 
For  c(mtiTi/iious  cwrrent  light : — 

B.  d. 

114  cubic  feet  of  gas  for  the  motor  ...       0  4.| 

3  inches  of  carbon,  at  8d.  per  foot 0  2 

Attendance,  &c.       ...         ...         ...         ...       0  1| 

Total  cost  ...       0     7J 
showing  a  saving  of  87  per  cent  cvsr  gas, 
VOL.  IX.  H 
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When  steam  engines  are  employed,  an  even  greater  saving 
can  be  shown  in  favour  of  the  electric  light,  the  cost  being 
reduced  to  2s.  Id.,  and  5d.,  respectively;  assuming  that  4  lbs.  of 
coal,  costing  15s.  per  ton,  will  produce  1  horse-power  per  hour. 

Although  these  figures  most  certainly  indicate  that  a  great 
future  is  before  the  electric  light,  a  careful  consideration  of  the 
data,  on  vhich  they  are  based,  will  demonstrate  that  the  value  of 
gas  sh&res  need  not  be  affected  by  the  introduction  of  the  electric 
light. 

To  begin  with,  the  calculation  is  based  upon  the  comparison  of 
strong  lights,  for  the  production  of  which  a  continuous  electrical 
cm'rent  is  particularly  well  adapted,  and  the  capital  outlay  on 
gae-fittings,  and  on  electric  light  apparatus  respectively,  has  not 
been  brought  into  the  account.  In  practical  life,  however,  the 
application  of  such  strong  lights  is  very  limited,  and  the  capital 
outlay  on  the  plant  lor  an  electric  illumination  is  a  matter  of 
serious  consideration,  because  in  most  cases  the  outlay  for  the 
necessary  gas- fittings  has  already  been  incurred. 

The  smaller  electric  lights  are  comparatively  more  expensive, 
than  the  large  ones,  but  even  the  alternate  current  lights  show  a 
comideiable  saving  over  the  gas  lights,  and  it  is  quite  certain  that 
for  illuminating  large  spaces  tike  concert  rooms,  stations,  and 
workshops,  the  electric  light  will  soon  supersede  gas  light. 

A  few  examples  of  the  actual  cost  of  electric  light  applied  to 
such  purposes,  will  demonstrate  its  cheapness : — 

At  the  Albert  Hall  a  saving  in  gas  is  effected  of  25,000  cubic 
feet  per  night,  or  £4  7s.  6d.,  while  the  five  electric  lights  cost 
£1  10s.  6d.  for  fuel,  attendance,  and  carbons.  In  this  case  a 
pumping  engine  is  used  for  driving  the  machinery,  which  consumes 
a  very  large  quantity  of  fuel,  and  nevertheless  a  saving  of  66  per 
cent,  is  effected.  J 

At  Blackpool  the  cost  of  a  five  hours'  run  has  been  stated  by    I 
Mr.  Chew,  who  has  the  apparatus  under  his  management,  to  be    i 
£3  6s,  lOd.  for  six  lights  of  6,000  candle  power  each,  and  an  equal 
amount  of  light  produced  by  gas  would  have  cost  £7  Sa.     The  cost 
of  the  electric  light  is  therefore  in  this  case  54  per  cent,   less, 
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although  a  heavy  interest  nn  capital  outlay  has  been  charged 
i^iiist  the  electric  light,  and  no  Buch  interest  is  taken  into 
calcuhLtion  in  respect  of  the  gas. 

At  the  British  Museum  the  electric  lights  were  used  during 
360i  hours  between  the  2Sth  October,  1879,  and  the  end  of 
February)  thus  giving  to  the  readers  during  the  eighteen  weeks, 
fully  nine  weeks  of  artificial  light,  and  thereby  just  doubling  the 
time  during  which  they  could  pursue  their  duties.  The  motive 
power  for  the  electrical  machines  is  supplied  by  two  8  horse-power 
portable  steam  engines  made  by  Messrs.  Wallis  and  Stevens, 
:iif  Basingstoke,  and  specially  fitted  for  economical  and  regular 
working.     In  the  Reading  Room  itself  four  lights  are  suspended, 

ig  each  of  about  4,000  candle  power,  and  in  the  halls  and  in 

[front  of  the  Museum  seven  400  candle  lights  are  placed.     The 

scesaary  currents  are    generated  by  fmir  continuous  current 

lachines  for  the  Reading  Itooni,  and  by  one  alternate  current 

ihine  for  the  other  lights,  a  fifth  medium  machine  serving  as 
exciter  for  the  field  magnets  of  the  alternate  current  machines  and 
'ti)e  four  light  machines.  It  was  found,  that  the  machines  working 
np  to  their  full  power,  produced  too  much  light:  the  speed  baa 
heen,  therefore,  reduced  until  each  light  gives  only  4,000  candles 
as  jnst  stated.  The  mode  of  working  the  lights  is  to  burn,  them 
for  a  short  time  in  the  morning,  after  new  carbons  have  been 
put  in,  to  ascertain  that  everything  is  in  order,  and  to  keep  the 
fires  banked  up  during  the  day,  so  that  the  lights  can  be  stalled 
at  ten  minutes'  notice,  should  a  sudden  fog  come  on.  For  this 
reason  the  consumption  of  fuel  is  a  little  higher  than  might  be 
expected :  the  coat  of  carbons  is  also  considerably  more  than  the 
general  estimate  given  above,  because  a  special  sort  of  carbons  is 
employed,  which  are  manufactured  in  Gerraiiny  and  are  much 
more  expensive  than  those  mada  here.  The  amounts  for  fuel 
and  for  carbon  include  also  the  cost  of  fuel  and  carbon  used  during 
the  week's  trial,  before  the  Keading  Room  was  opened  to  the 
iblic,  and  the  stock  of  carbons  at  present  in  the  Museum,  which 
ifill  be  sufficient  to  last  until  the  end  of  March. 

Mr.  Bond,  the  principal  Librarian,  has  kindly  permitted  the 
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statement  that  the  money  paid  by  the  Museum  authorities  for  the 
360  hours  of  electric  lighting  amounts  to — 

£    s.   d 

Carbons  50  15  10 

23  Tons  of  Coal  at  158. 


18  Gallons  of  Oil  at  4s.  6i. 
54  lbs.  of  Waste  at  6d. 
2  Sets  of  Brushes  at  5b. 
1  Set  of  Commutator  Plates 
Engine  Driver,  18  weeks  at  37s.  per  week  ., 
Total  cost 


17     5 

0 

4    I 

0 

1     7 

0 

0  10 

0 

0  17 

6 

33    6 

U 

£108     1 

4 

Thisg 


r  hour— 


For  Carbons  . 
Other  c 


3    3 


I 


Total 


6     0  for  a  light  of  18,800  candles, 

which  amount  of  light  produced  by  gas  would  cost  at  leaat  15b. 
per  hour,  the  saving  effected  being  60  per  cent. 

It  has  been  said  that  an  unsurmountable  obstacle  to  the 
introduction  of  the  electric  light  was  the  impossibility  of  storing 
electricity  in  the  way  in  which  gas  is  stored  at  the  gas-works.  In 
nsing  such  an  argument  the  fact  has  been  lost  sight  of  that, 
although  electricity  itself  cannot  be  collected,  motive  power  can 
easily  be  stored,  and  the  latter  can  be  instantly  converted  into  a 
light-giving  current  by  the  aid  of  the  dynamo — or  magneto- 
electric  machines. 

There  is  no  doubt,  therefore,  that  the  electric  light  has  left 
the  experimental  stage  and  is  now  commencing  its  practical  career,' 
and  that  it  bids  fair  to  take  rank  soon  with  many  of  those  other 
modem  applications  of  science  which  have  so  rapidly  become 
familiar  to  ua  that  we  scarcely  realise  the  fact  that  few  of  the 
most  important  of  them  date  further  back  than  the  beginning  of 
this  century. 
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The  PeBSIDBNT:  GGritlemen, — It  is  customary  at  our  raeet- 
ingB,  before  commenciug  diacussioa  upon  a  paper,  to  propose  a 
vote  of  thanks  to  the  author  of  it.  I  am  quite  sure,  from  the  very 
hearty  applause  you  gave  at  the  conclusion  of  the  paper,  that  the 
usual  formality  can  be  dispensed  with,  and  that  I  may  at  once 
assure  Mr,  Alexander  Siemens  that  we  are  extremely  obliged  to 
him  for  the  very  able  paper  he  has  brought  before  us. 

We  are  also  mucli  indebted  to  Messrs.  Siemens  Brothers,  who 
have  allowed  their  apparatus  to  be  exhibited  and  used  in  illustra. 
tion  of  the  paper,  and  for  the  array  of  facts  upon  which  alone  all 
future  opiniona  of  the  electric  light  must  be  based.  The  true 
value  of  the  paper  is  in  tlie  facts  it  contains,  and  those  facts  show 
that  the  electric  light  has  a  most  remarkable  future  before  it. 
Mr.  Siemens  will  now  supplement  his  paper  by  a  verbal  explana- 
of  the  diagrams  on  the  board  and  of  the  lamps  upon  the  table. 

Mr.  Albxandee  Siemens  :  The  first  diagram  ("new  method") 
shows  Wheatstone's  method  of  using  the  generated  current.  As 
the  current^  passes  from  the  helix  it  is  divided  into  two  branches, 
the  one  portion  passing  through  the  high  resistance  of  the  electro- 
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magnets,  and  the  other  portion  going  to  the  outer  circuit,  producing 
the  electric  light.  In  the  ordinary  dynamo  machine  ("  old 
method"),  the  current  generated  in  the  helix  goes  ftiioM^  'Ccft 


u»  joammum  on  kb.  tauKJaiv  pjkPBft.         :: 

electrO'ioftgnetB  to  the  outer  circuit  to  produca  tbe  l%ht,  r 
to  the  helix. 

Expflrimeiite  were  made  in  the  voika  of  ICesBis.  Sea 
the  digram  shows  the  Fesistance,  in  cdnne,  in  the  ontor 
The  ordinatsB  to  tlie  continuous  ourre  with  dotted  ends  t 
the  electro-motive  force  coiresponding  with  the  circuit  m 
one  hiack  line  repieseotB  the  cuirent  in  the  outer  ciie 
other  black  line  the  horse^power  expended ;  nod  the  dot 
the  total  horee-power  developed  in  the  enter  circuit.  It 
seen  that  in  tiiis  machine  the  electrcMnotive  foroe  tqz^ 
diminidieB  (becoming  after  a  time  more  steady),  but  it  gn 
to  10  volts  with  a  resistance  of  3  units,  and,  in  amaetpu 
current  obtained  from  a  dynamo  machine  under  acch  o 
is  not  sufficiently  strong  to  produce  a  good  light. 


The  second  diagram  shows  a  very  different  effect  fi 
first  one.  The  horizontal  line  represents  the  resistance  in  t1 
circuit,  the  upper  curve  the  electro-motive  force,  which, 
be  seen,  rises  rapidly  and  becomes  constant  after  the  rems 
greater  thaq  4  units.  The  current  in  the  outer  circuit  i 
the  outer  resistance  is  about  1^  units,  when  it  falls  much 
than' in 'the  ordkiary  dynamo  machine.  The  method  (tf 
tin  madiine  in  this  way  m^es  it  posmUe  to  get  a  fair  cur 
giving  a  l^t  with  mucdi  greater  remstutce  in  circuit 
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Tbe  lamps  on  the  table  were  brought  before  the  meeting  to 
show  the  change  from  the  clockwork  arrangement  to  the  simple 
lamp  in  which  all  wheels  are  dispensed  with. 

lu  the  old  clockwork  lampa,  tbe  weight  of  the  desceoding  upper 
earbon.holder  turns  tbe  wheels  and  lifts  the  lower  carbon-bolder 
until  the  carbons  touch ;  a  cnrrent  will  then  flow  through  the 
lamp  and  reverse  the  motion  of  the  wheels  by  imparting  a 
vibrating  motion  to  the  armature.  As  stated  in  the  paper,  it  is 
a  good  lamp,  and  capable  of  giving  excellent  results,  bnt  ite 
tlelicate  construction  makes  it  difficult  to  manage. 

In  the  second,  or  pendulum  lamp,  the  current  passes  through  a 
solenoid,  giving  an  up  and  down  motion  to  the  frame.  The  upper 
earbon-holder  ia  movable,  the  low«r  one  being  fixed.  When  the 
cnrrent  is  strong  enough  to  lift  the  frame,  the  upper  carbon-holder 
does  not  move,  but,  on  tbe  frame  lowering,  a  small  lever  is  lifted 
op,  allowing  a  pendulum  to  move,  which  regulates  the  descent  of 
the  upper  carbon -holder,  being  connected  to  it  by  a  pinion  and  an 
escapement  wheel.  On  the  carbons  coming  in  contact,  the  current 
IB  strong  enough  to  again  lift  the  frame,  when  the  carbons  remain 
stationary  till  their  consumption  weakens  the  current,  when  the 
operation  of  the  clockwork  is  repeated. 

In  order  to  convert  these  lamps  into  focus-keeping  lamps,  the 
following  arrangement  has  been  proposed  by  Dr.  Siemens: — The 
lower  carbon  is  moved  upwards  by  a  weight.  It  is  well  known 
that  in  its  combustion  the  carbon  assumes  a  conical  shape.  A 
screw  is  fixed  so  as  to  rest  at  the  base  of  this  cone,  and  resists  the 
npward  tendency  of  the  carbon  till  the  cone  becomes  reduced,  when 
the  carbon  is  moved  upwards  till  again  arrested  by  the  screw, 
and  by  this  simple  action  the  carbons  are  kept  at  a  uniform 
distance.  This  permanent  focus  allows  carbons  of  any  length  to 
used. 

Here  is  a  differential  lamp  somewhat  similar  in  construction 

the  pendulum  arrangement  I   have  described.     The  current 

I  a  movable    frame,  the    pendulum  is  released,  and   the 

flpper  earbon.holder  allowed  to  descend.     But  the  motion  of  the 

vibrating  frame  is  regulated  by   two   coils,  and   the  current  is 

divided,  one  part  going  from  one   terminal  partly  throu^  \\\ft 
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solenoid,  and  through  the  carbons  to  the  other  terminal ;  the  other 
part  proceeding  from  the  same  first  terminal  through  the  other 
solenoid,  and  direct  to  the  other  terminal.  When  the  lamp  is  at 
work,  and  the  carbons  are  apart,  their  separation  prevents  any 
current  passing  through  the  lower  circuit.  When  the  carbons 
touch,  the  lower  circuit  will  get  almost  al!  the  current,  and,  having 
less  resistance  in  its  circuit,  it  will  attract  the  armature,  and  the 
position  of  the  armature  wilt  depend  upon  the  resistance  in  each 
circuit.  The  resistance  of  the  lower  circuit  is  that  of  the  coil  and 
the  arc ;  that  of  the  upper  circuit  depends  upon  the  amount  of 
wire  in  the  coil.  Should,  therefore,  at  any  time  an  extra  strong 
current  arrive,  it  will  make  no  difference  in  the  regulation ;  for 
the  proportion  of  the  division  of  the  current  again  depends  upon 
the  resistance,  i.e.,  the  power  of  the  solenoids  will  increase  in  the 
same  proportion  as  before,  and  the  armature  will  not  move  at  all. 
But  if  the  carbons  bum  away,  and  the  resistance  of  the  are 
becomes  increased,  then  the  lower  solenoid  will  get  less  current, 
and  the  upper  solenoid  will  attract  the  frame  and  bring  the  carbon 
again  in  motion ;  and  by  bringing  this  difference  of  potential  into 
play  any  number  of  lamps  can  be  put  in  the  same  circuit. 

On  the  table  is  a  lamp  on  the  foregoing  principle,  adapted  for 
being  placed  in  the  saloon  of  a  ship,  being  supported  by  a  bracket 
fixed  to  the  side. 

It  will  be  seen  that  the  principle  of  this  last  lamp  is  very 
simple.  There  is  no  clockwork  in  it  whatever,  and  no  fine  fittings 
are  required.  Its  construction  meets  the  requirement  that  lamps 
should  be  as  cheap  as  possible,  and  its  easy  management  makes  it 
accessible  to  everybody. 

Mr,  Cromfton  :  Mr.  A.  Siemens  has  referred  to  the  difficuItieB 
not  yet  overcome  of  providing  a  steady  and  continuous  feed  to  the 
carbons  of  electric  lamps  using  the  arc. 

I  have  beea  working  in  this  direction  for  nearly  two  years.  I 
think  that  all  the  feed  mechanisms  that  have  been  designed  are 
in  a  sense  analogous  to  the  governors  of  steam  engioes.  Substitute 
the  varying  intensity  of  the  magnetic  field  in  the  electro- magnets 
or  solenoids  of  the  lamps  for  the  varying  centrifugal  force  of  the 
steam  engine  governor;  again,   substitute  the  mechanism  which 
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Itoutrols  tbe  advance  of  tlie  carbons  for  that  which  controls  the 
rflirottle  valve  or  cut-off  gear  of  the  steam  engine,  and  the 
Bfarallel  is  complete.     The  etficiency  of  a  steam  engine  governor 

■  depends  on  ita  promptness  in  responding  to  the  slight  variations 

f  centrifugal  force  of  revolving  masses  of  metal ;  the  promptness 
fm  insureil  by  reducing  the  mass  of  the  parts  actuated  as  far  as 
, — in  other  words,  by  giving  the  centrifugal  force  hut 
JWfling  weights  to  start  from  one  position  of  stability,  and  the 
Inme  trifling  weights  to  be  arrested  in  a  new  position  of  stability. 

■  Any  increase  in  the  weights  of  the  parts,  however  well  and  care- 
f  (uUy  counterbalanced,  causes  sluggishness  in  starting,  and  liability 

to  overshoot  the  position  of  stability  before  the  motion  of  the  parts 
is  arrested.  This  causas  a  swinging,  or,  as  it  is  called  by  engine- 
"  hunting  "  action  of  the  governor. 

Carrying  out  my  parallel  further,  I  contend  that  all  electric 
lamps  hunt  more  or  less.  They  do  not  commence  to  feed  until 
the  current  is  very  much  reduced,  and  do  not  arrest  the  feed  until 
the  current  is  too  much  increased  by  the  carbons  being  approached 
too  closely. 

Having  this  in  mind,  I  designed  the  lamps  which  your  President 
has  called  on  nie  to  describe. 

My  lamps  have  an  electro. magnet,  as  is  usual,  hut  I  divide  the 
armature  of  this  magnet  into  two  parts;  or  in  other  words,  I 
mount  a  light  secondary  armature  on  the  back  of  the  large  one. 
Thi;  large  armaturu  does  the  work  of  separating  the  carbons,  and 
the  small  one  does  the  delicate  work  of  feeding  them  together. 

The  large  armature.  A,  is  a  flat  "bar  of  soft  iron,  attached  firmly 
to  the  tube,  which  forms  part  of,  and  which  is,  in  fact,  the 
supporting  holder  of  the  negative  carbon. 

When  the  current  is  switched  on  and  passes  round  the  electro. 
magnet,  the  armature  is  attracted  down  and  held  down  to  a  flxed 
stop  during  the  whole  time  that  any  current  passes.  When  the 
current  ceases  altogether  to  pass,  as  may  happen  through  a  violent 
gust  of  wind  or  piece  of  carbon  splintering  off,  the  armature  is 
released,  and,  being  supported  by  a  spiral  spring,  is  raised  up  until 
I  reaches  its  original  position,  or  the  lower  carbon  touches  the  upper 
1,  and  the  current  is  thus  re-established. 
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The  small  variations  in  the  strength  of  the  current,  which  I 
rely  upon  to  actuate  the  feed  of  the  upper  carbon,  are  responded 
to  by  a  very  light  plate  of  soft  iron,  or  secondary  armature,  a,  hinged 
to  the  large  armature,  and  suspended  at  some  distance  above  it  by 
a  very  light  spiral  spring.  The  tension  of  this  spring  can  be  varied 
by  the  regulating  screw  of  the  lanap.  The  secondary  armature 
carries  a  curved  arm,  which  is  applied  as  a  brake  to  brake-wheel, 
which  is  the  last  wheel  of  a  clockwork  train  set  in  motion  by  the 
weights  of  the  positive  carbon  rod,  as  is  usual  in  these  lamps. 

The  parts  moved  by  the  varying  magnetic  force  induced  in 
the  armature  A  only  weigh  a  few  grains,  and  the  plate  o  is  so 
sensitive  to  it  that  it  is  quite  usual  to  see  it  rise  and  fall  8  or  10 
times  during  one  revolution  of  the  valve  wheel, — in  other  words 
the  feed  advances  the  carbon  from  50  to  100  times  during  the  time 
that  one  millimetre  is  being  consumed  off  the  two  carbons ;  the 
feed  is  therefore  practically  continuous,  and  the  light  pro- 
portionately steady. 

I  join  issue  with  Mr,  Siemens  as  to  the  advantage  of  doing 
away  with  clockwork.  It  is  a  mere  question  of  whether  a 
complicated  system  of  half-a-dozen  levers  and  ratchets,  pendulums 
and  catches,  is  preferable  as  a  mechanical  arrangement  to  four 
gearing  wheels  and  pinions.  If  it  is,  the  practice  of  us  mechanical 
engineers  in  our  tools  (as  regards  the  use  of  gearing)  must  be  far 
from  correct. 

"We  are  indebted  to  Mr.  Siemens  for  calling  attention  to  the 
extreme  importance  of  external  resisfcnnce  in  steadying  the  currente 
of  dynamo  machines.  No  one  who  has  not  had  the  carrying  out 
of  instalments  of  electric  Lighting  can  appreciate  tbe  luxury  of 
workbg  through  long  lengths  of  cable.  Both  the  machines  and 
the  lamps  are  far  easier  to  manage,  and  the  light  is  incomparably 
steadier.  Curiously  enough,  ihese  good  effects  do  not  seem  to 
come  from  mere  estemai  resistance  only,  as  an  external  resistance 
composed  of  a  small  quantity  of  small  wire  does  not  give  ne^ly 
such  favourable  results  as  a  great  length  of  insulated  cable  having 
a  thick  conductor  does.  In  the  latter  case,  it  appears  as  if  the 
great  surface  of  conductor  and  its  insulated  covering  acted  in  Bome 
way  as  a  condenser  or  fly  wheel  to  the  current.     Another  point 
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which  engages  our  serious  attention  is  the  question  whether  earth 
leturns  can  be  profitably  used  for  these  heavy  currents,  and,  if  so, 
what  precautions  must  be  taken  1 

I  shall  be  glad  to  hear  Dr.  Siemens'  experiences  on  this 
subject :  for  my  own  part,  I  have  never  yet  been  successful  in 
working  with  an  earth  return. 

I  have  found  the  resistance  to  the  passage  of  lightning  currents 
30  variable  as  to  endanger  the  safety  of  the  bobbins  of  the  machine, 
from  euddenly  falling  from,  say,  1'5  ohms  to  zero, 

I  think  the  lamp  described  and  shown  by  Mr.  Siemens,  in 
which  a  shunt  current  is  utilised  to  work  the  feed  of  the  carbons, 
is  a  step  in  the  right  direction.  Several  others,  myself  amongst 
them,  have  been  working  in  this  direction,  and  I  hope  soon  to 
show  you  my  own  lamp  made  on  this  principle.  This  principle 
will  enable  the  prime  cost  of  cables  to  be  kept  down  very  consider- 
ably, as  we  shall,  I  hope,  be  able  to  bum  several  arc  lamps  in 
series. 

I  may  be  mistaken,  but  I  think  Mr.  Siemens  has  done  his  lamp 
now  burning  an  injustice,  by  working  with  the  very  small  internal 
resistance  he  has  now  in  circuit.  If  this  had  been  increased,  he 
would  have  sacrificed  a  very  small  percentage  of  efficiency,  but 
gained  greatly  in  steadiness  of  current  and  light. 

The  PliESIDKNT :  We  will  put  the  current  on  to  Mr,  Cromp- 
ton's  lamp,  that  it  may  have  a  trial.* 

Mr.  Crompton  :  My  lamp  has  not  been  on  a  Siemens'  machine 
before,  and  I  am  pleased  to  see  it  bujm  so  satisfactorily.  Six  of 
these  lamps  are  now  being  fitted  up  for  St.  Enoch's  Station  at 
Glasgow.  They  bum  for  nine  hours  without  change  of  carbons. 
The  lamp  is  necessarily  tall,  on  account  of  having  to  provide  for 
baming  of  27  inches  of  carbon.  The  only  way  the  carbon  could 
be  got  into  a  smaller  space  would  be  by  adopting  Mr.  Heinrichs' 
ring  form  of  rods. 

Mr.  Hbseichs  :  I  have  pleasure  in  introducing  to  you  my  new 
luupL     Esperience  with  the  electric  light  has  proved  to  me  that 

•  TIiB  hall,  wliich  had  been  previonBly  illaminated  with  a  SiemenB'  electric 
■ight^inB  now  lighted  b;  a  Oromjitos's  lamp. 
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neittier  difficult  mechanism  nor  complicated  arraagements  for  pro. 
duciDg  and  regulating  the  light  are  required,  the  only  desiderat*' 
being  good  currents  and  good  carhons. 

In  Mr.  Siemens'  lamp  the  carbons  are  straight,  and  placed 
vertically  above  each  other ;  but  my  carbons  are  made  in  the  form 
of  a  ring  cut  in  two,  thus  enabling  a  long  carbon  to  be  brought 
into  use.  The  advantages  of  my  lamp  are,  first,  that  the 
mechanism  for  regulating  the  light  is  above  the  arc,  and  conse- 
quently there  is  no  shadow :  secondly,  two  magnets,  through 
which  the  current  passes,  are  used — one  to  separate  the  carbons 
when  the  arc  is  started,  and  the  other  to  work  a  step-by-step 
arrangement  to  regulate  the  distance  as  the  current  fluctuates  in 
strength. 

The  lamp  before  you  has  pievicv^ly  burned  for  thirty-six  houn 
successively  with  a  Silvertown  machine.  The  carhons  are  of  high 
resistance,  not  being  sufficiently  compressed,  and  with  the  machine 
now  working  the  arc  is  not  properly  maintained.  This  "machine 
has  a  low  internal  resistance.  The  current  supplied  is  therefore 
not  suitable  to  my  carbons,  and  a  trial  to  burn  the  lamp  will  not 
be  successful. 

In  a  few  months  I  hope  to  be  able  to  show  you,  under 
more  favourahle  conditions,  nay  new  lamp,  without  clockwork  or 
mechanism  for  regidating  the  feed  of  the  carbons. 

(An  attempt  was  made  to  set  the  lamp  going,  but  the  experi- 
ment was  only  partially  successfnl.) 

The  President  then  called  upon  Mr.  Andre  to  explain  his  incan- 
descent  lamp  with  Mr.  Brougham's  improvement. 

Mr.  AndbS  :  I  regret  that  one  of  my  lamps  with  Mr,  Brougham's 
water-covered  joint  is  not  on  exhibition  before  the^  meeting.  In 
this  lamp,  the  carbons  are  enclosed  in  an  atmosphere  rendered 
incapable  of  supporting  combustion  by  the  action  of  the  incandescent 
carbon  itself.  The  lamp  is  enclosed  in  an  air-tight  manner,  so  that 
when  alt  the  contained  oxygen  has  been  taken  up  by  the  burning 
carbon,  there  remains  an  atmosphere  of  nitrogen  and  carbonic  oxide 
only.  In  this  atmosphere  combustion  ceases,  and  the  carbons  are 
but  slowly  roasted  hy  disintegration.  Mr.  Brougham's  improvement 
consists  in  covering  the  joints  with  a  liquid,  by  which  means  air  is 
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tainly  excluded  from  the  lamp.  This  is  important,  for  the 
Itration  of  air  not  only  consumes  the  carbon,  but,  if  it  takes 
ice  when  the  lamp  is  not  burning,  it  causes  the  atmosphere  within 
)  lamp  to  become  inflammable. 

The  liquid  is  also  of  use  in  diffusing  and  softening  the  light 

ten  placed  around  the  glass  of  the  lamp ;  good  effects  may  be 

bained  by  colouring  the  liquid. 

In  this  lamp,  the  rate  of  consumption  of  the  carbon  is  slow,  and 

the  quality  of  current  required  is  small,  subdivision  may  be 

tried  out  to  a  great  extent.    At  Stafford  House,  we  had  thirty-six 

[nps  on  one  small  (A.  size)  Gramme  machine. 

Mr.  Andbews  :  My  lamps  consist  of  carbon  plates  placed  face 

face.     One  form  of  lamp  has  three  carbon  plates — a  centre  one, 

Fig.  1,  ^'^  thick,    and    two   outer  ones,  6  6,  each  \'^  thick, 

hich  are  separated  from  the  centre  one  by  four  bits  of  slate,  g  g, 

aced  at  the  bottom  corners  of  the  plates,  leaving  an  air  space  of 

/^  between  the  pairs  of  carbon  plates.    Two  stout  springs,  8  «,  are 

Tauged  near  the  bottoms  of  the  plates,  to  press  the  bits  of  slate 

id  the  plates  together,  and  keep  the  latter  separate  and  parallel. 

hese  springs  convey  the  current  to  the  outer  plates,  which  are  the 

ectrodes.    The  arc  presenting  itself  at  the  upper  edges  bums 

wB,j  the  plates  downwards  like  a  candle ;  the  centre  one  consumes 

b  the  same  rate,  and  prevents  the  arc  travelling  in  between.    On 

ccount  of  the  poles  being  exposed  to  the  atmosphere  on  one  side 

aly,  the  upper  edges  always  remain  bevelled  on  that  side. 

The  arrangement  for  lighting  the  lamp  is  made  by  an  electro- 
magnet attracting  an  armature,  and  taking  a  small  piece  of  carbon 
.way  from  the  lower  part  of  the  side  edges  of  the  electrodes,  as 
een  in  Fig.  2.  The  small  piece  of  carbon,  c,  is  attached  to  the 
ipper  end  of  a  bell  crank  lever,  Z,  and  the  armature,  a,  is  fixed 
o  the  end  of  the  other  arm  of  the  lever,  under  the  pole  of  an 
ilectio-magnet,  m,  which  is  in  the  lamp  circuit.  When  the 
lurrent  is  established,  the  armature  is  attracted  by  the  electro- 
aagnet,  and  draws  away  the  little  piece  of  carbon,  when  the  arc 
)re8ents  itself,  and  slowly  travels  to  the  top  edges  of  the  plates, 
Inhere  it  continues  until  the  carbons  are  consumed.  The  plates 
ire  cut  away  obliquely  on  one  side  to  prevent  the  arc  ascending 
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too  quickly,  and  cause  risk  of  going  out.  Alternate  currents  are 
used,  or  continuous  currents  alternated  at  periods  of  about  one 
minute,  ao  that  the  carbons  shall  burn  away  at  the  same  rate. 
The  following  are  the  most  striking  properties  of  the  lamp.  There 
are  no  movable  parts  after  it  is  once  lighted.  One  set  of  carbons, 
6"  X  4",  bums  for  a  week  of  nights  of  ten  hours  each,  therefore 
requiring  attention  only  once  a  week.  The  resistance  of  the 
carbon  plates  is  very  small-     The  light  is  quite  steady. 

Another  form  of  lamp  (which,  however,  I  have  not  yet  suc- 
ceeded in  perfecting]  consists  of  two  discs  placed  one  above  the 
other.  The  upper  disc,  a,  Fig.  3,  is  about  ^"  thick,  and  about  |" 
larger  all  round  than  the  lower  disc,  b,  which  ia  4"  diameter  and 
^"  thick ;  an  insulating  material  of  ^j'^"  thick  is  placed  between 
the  discs.  The  arc  presents  itself  at  the  periphery  of  the  lower 
carbon  and  under  surface  of  the  top  carbon,  and  is  caused  to  rotate 
by  a  few  convolutions,  c,  of  the  circuit  wire  on  the  stand  above 
the  discs.  The  upper  disc  is  the  positive  pole ;  and  as  the  crater 
of  the  positive  carbon  is  the  greatest  source  of  light,  the  light  is 
thrown  down  unobstructed  by  any  shadow  from  the  negative 
carbon.  The  current  is  conveyed  to  the  positive  disc  by  a  brass 
tube,  d,  down  the  centre  of  which  passes  a  rod  to  the  negative 
carbon.  The  arc  being  only  ^"  long,  a  great  number  of  lights 
may  be  burnt  in  one  circuit. 

The  President  :  There  ar«  several  other  impiovements  before 
the  meeting,  and  so  many  gentlemen  who  are  ansious  to  speak  on 
this  subject,  that  I  think  I  shall  meet  the  wish  of  the  members 
present  by  postponing  the  discussion  until  our  nest  mieeting,  by 
which  time  intending  speakers  will  no  doubt  be  ready  with  their 
remarks,     A  ballot  for  new  members  will  now  take  place. 

The  result  of  the  ballot  showed  that  the  following  were  elected 

As  Foreign  Members: 
D.  Monnier, 
Gostave  P.  Seligmann-Lui. 

As  Assooiate  ; 
Henry  Francb  Wilkes. 

The  meeting  then  adjourned  until  Wednesday,  March  24th. 


^1 


.•J 


ELECTROSTATIC  UAPACITr  OP  SUSPENBED  WIEBS. 


ORIGINAL  COMMUNICATIONS. 


ON  THE  ELECTROSTATIC  CAPACITY  OF  SUSPENDED 
WIEES. 

By  Oliver  Heaviside  {Associate.) 

Suppose,  in  tbe  first  place,  we  have  a  single  wire  suspended  in 
empty  space,  and  charged — no  matter  how — with  a  quantity  q  of 
electricity  per  unit  of  length.  The  resultant  force  at  a  point 
whose  perpendicular  distance  from  the  centre  of  the  wire  at  any 
point  A  is  r,  due  to  the  elementary  charge  qdx  &t  distance  x 
from  A  is 

qdx^{3?  +r^}, 

and  this  resolved  in  tbe  direction  normal  to  the  wire  is 

qdx^iaf  +  r')  y.  r -i- {a?  +  T'y ; 
therefore  the  resultant  force  due  to  the  whole  charge  is 

/■"     qr  dx  2q 

.  _  {x'  +  ,y.  =  T- 

Since  the  resultant  force  is  the  rate  of  decrease  of  the  potential, 
the  potential  is 

V  =  25log.? 

where  z  is  a  constant.  If  the  potential  at  an  infinite  distance  is 
zero  or  constant,  the  potential  of  the  wire  itself  is  infinite  ;  or,  in 
other  words,  an  infinite  amount  of  work  must  be  done  to  charge 
the  wire — that  is,  it  would  be  impossible  to  charge  it.  This  may 
be  made  more  intelligible  in  another  way.  The  capacity  of  a 
wire  becomes  smaller  and  smaller  the  further  it  is  removed  from 
other  conductors,  and  in  the  limit,  when  the  wire  is  alone  in 
space,  it  vanishes. 

.Suppose,  now,  there  is  another  wire  parallel  to  the  finit  at 
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distance  2h,   aod  charged    with    —  q    per   unit  of  length  ;   the 
potential  due  to  its  chaise  at  distance  r'  is 


where  z'  is  another  constant ;   consequently  the  potential  due  to 
both  charges  is 

for  z  and  2'  both  disappear  on  being  made  infinite.     TJierefore,  if 
di  and  di  are  the  diameters  of  the  wires,  their  potentials  are 

29  h 


3  -4-  (2  2  1. 


Thus  the  charge  divided  by  the  difference  of  potentials  is  I 

16A"v  1 

and  this  is  the  mutual  capacity  per  unit  of  length  of  the  two  wires 
in  space. 

The  potential  is  zero  at  all  points  where  r  =  r',  that  is,  in  a 
plane  equidistant  from  the  two  wires,  whose  shortest  distance  from 
them  is  h ;  and  the  difference  of  potential  between  either  wire  and 
this  plane  is  half  that  between  the  two  wires.  It  follows  that  the 
capacity  of  a  wire  of  diameter  d  suspended  aUme  at  height  k  above 
the  ground  is 

1 


per  unit  of  length,  in  electrostatic  measure.  (F.  Jenkin,  Elec- 
tricity and  Magnetism,  p.  332.) 

If  A  =  3  metres  and  d  =  4  millimetres,  c  =  ■0624.  To  bring 
into  electromagnetic  measure  this  must  be  divided  by  (28'8  x 
10')^ ;  to  bring  the  result  into  microfarads,  multiply  by  10" ;  and 
lastly,  multiply  by  the  number  of  centimetres  in  a  mile  to  find  the 
capacity  in  microfarads  per  mile.  The  result  is  -0121  microfaradfi 
per  mUe. 

Next,  suppose  the  line  consists  of  two  wires,  1  and  2,  of  radii 
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rii  and  r'a-  Let  rn  —  diBtance  between  the  centres  of  1  and  2, 
Sii  the  distance  between  the  centres  of  1  and  of  its  image,  s^  the 

I  distance  between  the  centres  of  1  and  the  image  of  2,  or  of  2  and 
the  image  of  1,  and  s^  the  distance  between  the  centres  of  2  and 
8  image.     Also  let  V,  and  Vj  be  the  potentials  of  I  and  2,  and 

I'Sn  9ii  their  charges  per  unit  of  length.     Then 

V,  =  2o,  log.  .^-y  -I-  2g,  log.  ^ 

V,  =  2  ji  log.  -^ii  +  2  5,  log.  >- 

^^SXpress  the  potentials  in  terms  of  the  charges.     For  25,,  log.  ^ia 
potential  of  1  due  its  own  charge  and  the  opposite  charge  of 

ita  image,  and  2ga  log-'rr  t^6  potential  of  1  due  to  the  charge  of 
2  and  the  opposite  chaise  of  its  image,  and  similarly  for  Vj.  From 
these  we  deduce 

q,  =  Ci  V,  +  Cj.  V, 

?!  =■  C,i  V,    +   Coa  Vj 


■'where 

I       and 


2 


log.  - 


R  =  2  log. 


"R 


.  2 log.: 


log. 


K 


log. 


Here  Ci,  ia  the  capacity  per  unit  length  of  wire  1,  c,^  the  capacity 
of  wire  2,  and  c^  the  mutual  capacity  of  1  and  2. 

Suppose  the  wires  have  the  same  radius  r,  and  their  distance 
apart  is  d,  s,t  the  same  height  above  the  ground.  Then 
r,i  =  r^i  =  r ;  r,.  =  d;  s^  =  s^a  ~  2A ;  s,i  =  v^t/'  +  4A.' ;  and 


ft 


(d-  +  ih-)i\ 


irhere  _ 

R  _  (2  log.  ^')  -  (2  log.  i^ti*) 


Tlie  capacity  of  each  wire  ia  increased  by  the  ■pieaen.ce  ol  \.Ve 
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other.      If  the  height,  as  before,  is  A,  =  3  metres,  the   radtoi  I 
r  =  '002  metre,  and  the  distance  apart  d  =  -5  metre,  then 

c„  =  c^  =  -0691,  -  e„  =  -0215 
in  electrostatic  measure.     Or 

-■„  =  (,v,  =  -OlSi,  -  c„  =  -00417. 
microfarads  per  mile. 

Ah  the  capacity  of  the  Kingle  wire  of  the  same  radius  and  at 
the  same  height  was  '0121  microfarads  per  mile,  the  presence  of 
the  other  wire  increases  its  capacity  about  11  per  cent.  If  one  of 
the  wires  is  charged  hy  a  battery  and  the  other  is  to  earth,  then 
about  iTjths  of  the  opposite  charge  will  be  on  the  second  wire 
and  T^ths  on  the  earth. 

The  formuljE  for  the  capacities  of  any  number  of  wires  may  he 
easily  obtained,  though  the  subsequent  numerical  calculations 
become  complex.  Suppose  the  wires  have  radii  rn,  r,.,  rjj,,  '■*, 
potentials  V,,  V„  Vj,  "  ■ ",  and  charges  (/,,  jj,  q^,  ■■■per  unit  of 
length.  Let  the  distance  between  the  centres  of  any  two  wires  m 
and  n  he  denoted  by  r„'„,  and  the  distance  between  the  centre  of 
any  wire  tn  and  the  image  of  any  wire,  n  hy  s„,,.  Then  the 
potentials  are  expressed  in  terms  of  the  charges  by 

V,  =  2  2,  log.  ^^+2  g,  log.  ^+2g,log.  ^|^  +  ■  -  ■         '' 

V,  =  2  2,  log.  '^^  +  2  q,  log.  ^  +  23,  log.  ^  +  . . . 

V,  =  2g,  log.^  +  2  5a  log.  ^ -i- 2q,log.  ~  +  . .  . 

To  find  the  capacity  of  any  wire,  say  1,  with  respect  to  itself  and 
the  rest,  express  q,  in  terms  of  the  potentials, 

q,  =  c,,  V,  +  c„  V„  +  Ci3  V,  +  . .  . 

Then  Cii  is  the  capacity  of  1,  c,^  the  mutual  capacity  of  1  and  2, 
and  so  on. 

If  there  are  four  wires  of  the  same  radius,  one  pair,  1  and  2, 
at  one  height,  and  the  other  pair  3  and  4  vertically  beneath  the 
first  pair  at  another  height,  3  being  under  1,  and  4  under  2,  thea-J 
■ffB  have  the  following  relations  amongst  the  distances:  - 


^^^ 

( 
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I'll  =  >•»  =  I'm  =  n*  i  '■is  =  n, ;   r,,  = 

[B£S. 
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'-« ;  8u  =  Mr, ;  sa  = 

Sin  =  Si,  =  a, 
Let 

log.  ^"  =  a;  log. - 

-•  _  6;  log  i- 

'"""""'"■ 

=  c;  log.^*  =  d; 

r„                °  r 

13                      ,           «.,             , 

log. 

S_e,-   log.- 

/■ 

Then 

" 

c„  =  c„={a(e>- 

f)+dicf- 

cie)+  «(<J/-ce)} 

^K 

c^  =  c„={e(a=- 

b')+d(be- 

iid)+e{hd-ae)] 

4-E 

-c,  =  {dCd/- 

-"J-l-cW 

-dej  +  K.'^/-)] 

*fi 

—  (j,^ c,s— {cCc»- 

<?)  +  6(de- 

./)  +  »W-c«)} 

-^-B 

_c„=-c„={6Crf/- 

-.e)+oC<J« 

-c/)  +  dCc'-J>)} 

*E 

-(^.^{dC&d- 

-ac)  +  c{bc 

-  ad)  +na-  -f)  } 

-i-R 

where 

R_  (»•  -  6')  (£--/■)  +  (0=  -<!-)•  +  2  (»»  -  6<!)  (,!/_ 

ce) 

+  2 

ad-hc-)[,cf 

-d,). 

These  are  the  whole 

of  the  capacity  coefficients  for  the  four 

Witee,  which  maj  now  bo  numerically  cs 

Icnlated. 

Let  the  height  of  the  top  pair,  1  and  2,  be  3^  metres,  of  the 

^ower  pair,  3  and  4,  23 

metres,  and  let  the  horizontal  distance 

fifom  1  to  2  and  from  3  to  4  be  "5  metre 

Then 

a  —  log.  3ie6G 

_  3-6006023, 

log.  a  —  -6441428 

i— J  log.  161-4 

—  1-1040115, 

log.  b  = 

0429696 

0  =  log.      18 

_  1-2552726, 

log.  c  — 

0987379 

i  —  i  log.  100-384 

-  1-0008344, 

log.d  = 

0003622 

e  —  log.  2833-3 

-  3-4622977, 

log.  e  - 

5381080 

/-Jbgl29--i 

_  1-0560417, 

log./ _ -0236810 

Here  common  logarithms  are  used. 

The  results  are 

«„  — 15-7863 -4- K;  c 

„  — 16-924  * 

R;   -0„— 2-9876  ^■ 

E; 

-c„  — 4-1992  ♦K;  - 

c„  — 2-46.58^ 
E  —  88-4668, 

K ;  -  c„  -  2-8617  ^ 

E; 

rhich  must  be  multiplied  by  -4343  for  the  change  of  logarithms, 

WklDg 

^ 

A 

u 

\ 


no  ELECTHOSTATIC  CAPACITY  OF  SUSPENDED  WIBES. 

c„  = -0775  ;  Ci,= '0782;    —  c„  = -0147  :    -c,a— ■020i 
-c„=0I2O;   -c„  =  -0l40 

in  electrostatic  measure,  which  are  equivalent  to 

c„  = -01503  ;  C5,= -01517;    -c„=  "00285;   -c,3= -00399; 
-c,.=  00232;   -Ca.=  00271 
microfarada  per  statute  milo. 

Suppose  one  of  the  top  wires,  say  1,  is  charged  by  a  battery, 
while  the  remaining  three  wires  are  to  earth.  Then  wire  1  will 
receive  a  charge  =  '01503  microfarads  per  volt  per  mile,  and  wires 
2,  3,  and  4  will  receive  from  the  hattery  opposite  charges 
proportional  to  -00285,  "00399  and  '00232.  The  sum  of  the  latte?' 
being  '00916,  and  the  capacity  of  the  first  wire  "01503,  it  follows, 
that  about  /jths  of  the  opposite  charges  goes  to  the  three  wiresi, 
and  the  other  /jths  to  the  surface  of  the  earth. 

As  there  are  only  four  wires  considered,  it  is  evident  that" 
with  a  large  number  of  wires  the  proportion  of  the  opposite  charge 
on  the  surface  of  the  earth  becomes  quite  small,  nearly  the  whole: 
going  to  the  neighbouring  wires. 

F.  Jenkiu  {Elediioity  and  Magnetism,  p.  332)  saya,  there  i 
experimental  reason  to  believe  that  the  actual  capacity  of  i 
suspended  wire  is  about  double  the  amount,  calculated  on  thft 
supposition  of  there  being  nq  otlier  wires  on  the  same  poles,  owing 
to  the  induction  between  the  wires  and  the  posts  and  insulating' 
supports;  but  as  the  posts  only  occur  at  intervals,  it  seemB 
reasonable  to  suppose  that  a  great  part  of  the  difference  is  rathef; 
due  to  the  neighbourhood  of  other  wires.  At  any  rate,  a  second 
wire  increases  capacity  about  11  per  cent.,  and  with  three  mora; 
the  increase  is  about  24  per  cent,  according  to  the  above  figurea,- 
and  a  greater  number  wUl  of  course  produce  still  further  increase. 
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NOTE  ON  THE  WATKIN  CHRONOGRAPH. 

By  the  Editoe. 

The  Watkin  Chronograph  consists  of  a  weight,  which  ia  allowed 
to  fall  freely  in  air  between  two  smoked  metallic  cylinders.  At 
the  moment  of  fii'ing  the  gun  the  circuit  of  the  small  electro- 
magnet supporting  the  weight  is  automatically  broken  and  the 
weight  begins  to  fall.  Every  time  the  shot  cuts  through  successive 
wire  screens  placed  at  measured  distances  apart,  the  primary 
circuit  of  au  induction  coil  is  broken,  and  a  secondary  spark  passes 
between  the  falling  weight  and  each  of  the  smoked  cylinders 
burning  away  a  small  portion  of  the  lampblack.  From  the  known 
laws  of  a  falling  body,  then,  the  time  the  shot  has  taken  to  go  from 
BcreoQ  to  screen,  and  consequently  the  velocity  of  the  shot  at 
different  portions  of  its  path  can  be  calculated. 

When  lending  me  tliis  apparatus  for  my  recent  lecture  at  tha 
London  Institution,  Captain  Watkin  mentioned  that  it  was  known 
that  if  the  screens  were  far  away  from  the  chronograph,  it  was 
necessary  to  use  a  large  induction  coil,  since  a  small  one  failed  to 
produce  a  spark  on  the  screen  bei^og  cut  by  the  shot.  He  had 
tried  to  dispense  with  the  large  expensive  coil,  and  substitute  for  it 
a  email  one  by  placing  a  condenser  in  the  primary  circuit ;  he  had 
found,  however,  experimentally,  that  the  introduction  of  such  a 
condenser  into  the  primary  circuit  at  the  induction  coil  itself,  or 
!■  lietween  the  induction  coil  and  the  screen,  produced  no  improve. 
mont,  but  that,  if  the  condenser  were  placed  in  the  primary 
circuit  at  the  screen  itself,  then  that,  for  some  unexplained  reason, 
quite  a  small  induction  coil  could  be  used  with  a  screen  even  quite 
fax  away  from  the  coil  and  chronograph.  After  thinking  over  the 
matter,  I  sent  him  the  following  letter,  which  he  has  returned  to 
me  for  insertion  in  the  Journal : — 

"  Deab  Sm, — I  think  the  following  explains  your  difficulty 
■  Tegarding  the  induction  coil  and  the  condenser.  Let  p  be  the 
I  resistance  of  the  primary  coil,  and  b  that  of  the  battery  employed  : 
I'tiiea  if  E  is  the  electromotive  force,  experiment  aho^s  tW^j  irialKvtisi, 
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and  breaking  contact  at  the  point  A  gives  satisfactory  secondary  I 
currents,  that  is  the  sudden  production  and  cessation  of  a  current  1 

E  .  .  * 

-^  I  is  sufficient  £or  your  purpose.    Now  let  a  wire  of  resistance  r  1 

goingtoascreeaheiQsertedincircuit(fig.2),thenthecurrentmadeand  ] 

E  1 

broken  will  only  have  a  strength  —     ,     —  which  if  r  is  large  m  .1 

comparison  with  p  +  h  may  not  be  sufficient  to  produce  secondary.  1 


'^m 


"^3* 


r^ 


currents  giving  a  visible  spark  at  tha  chronograph.     But  let  a 

condenser  of  capacity  c  be  placed  at  B,  figure  3,  then  when  the 

circuit  ia  open  at  A  there  will  be  an  electromotive  force  E  between 

the  plates  of  the  condenser  so  that  it  will  contain  a  charge  cE : 

when  however   contact  is  made   at  A,   the  electromotive   force 

between   the   plates  of  the  condenser  will   now   be  reduced   i 

rE  rEc 

— I   „    I    1,  and  the  charge  in  it  to  — ; r-r-    the    difference  J 

r  +  p  +  0  =  r  +  p  +  0,  1 

flowing  back  principally  through  the  wire  of  resistance  r  and  tl 

contact  A,      On  breaking  contact  again  at  A  the  charge  in  t 


I 
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condenser  has  to  be  increased  again ;  the  first  effect,  therefore,  of 
breaking  contact,  when  the  condenser  is  inserted,  is  to  suddenly 
immensely  increase  the  current  which  directly  afterwards  falls  to 
nought,  producing  in  this  way  (if  only  the  capacity  of  the 
condenser  is  large  enough)  an  effect  Bufficient  to  balance  the 
diminution  of  the  current  produced  by  putting  in  the  wire  of 
resistance  r ;  hut  if  the  capacity  of  the  condenser  is  not  large 
enough  it  may  be  necessary  to  still  further  increase  its  effect  by 
putting  it  at  A  itself  (figure  4) :  for  now  when  the  circuit  is  closed 
at  A  the  charge  in  the  condenser  is  nought,  whereas  when  the 
circuit  is  opened  at  A  there  is  a  first  rapid  rush  of  a  quantity  of 
electricity  cE  to  charge  the  condenser,  followed  suddenly  by  a 
current  nought  in  the  primary  coil,  and  this  ia  sufficient  to  produce 
the  spark  in  your  induction-coil.  Putting,  therefore,  the  condenser 
at  A  has  the  same  effect  as  increasing  the  capacity  of  the  con- 
denser at  B  (figure  3) ;  and  this  is  especially  the  case  when  the 
resistance  of  the  extra  wire  r  is  large  compared  with  p  +  b. — 

"  Believe  me  to  remain,  very  truly  yours, 

"W.  E.  Ateton. 
"  Captain  H.  Watkin, 

"  The  Experimental  Department,  "WoolwicU  Arsenal." 
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H.  MUIItEK— NEW  TELEPHONE. 

(Carl'i  XeiUcIiiift,  B.  II.,  1B80,  No.  3,  pp.  79-81 ,) 
The  pecQliarity  of  this  modification  of  Bell's  TelepTione  consists  in  a  short  J 
tube  of  soft  iron  being  interposed  between  tbe  qsdsI  Bteel  bar  and  tbe  vibratiag  M 
plate.  This  tuba  is  fastened  to  the  vibrating  p'.ate,  and  forms  the  c 
short  coil  wound  in  the  opposite  way  to  the  coil  wboae  core  is  the  steel  n 
Both  coilB  are  in  the  circuit.  The  tube  has  opposite  polarity  to  that  of  the 
magnet.  A  current  increasing  the  magnetism  of  the  steel  bar  act)  also  on  the 
1  tube,  making  the  attraction  between  them  much  greater;  and  a  current 
diminishing  the  magnetism  of  the  steel  bar  will  alsn  act  on  the  iron  tube, 
making  the  attraction  much  less,  and  the  Tihrationa  of  the  tube,  and  conse- 
quently of  the  ptate,  under  intermittent  currents  will  have  greater  amplitude 
than  in  the  simple  Bell's  Telephone. 


It 


ETTOEH  OBACH— ELECTEIC  PEESSUEE  ItEGULATOR. 

(Corl'j  Zeitschrift,  B.  IT,,  18S0,  Ab.  3,  pp.  69-75.) 
is  often  necessary  in  chemical  physics  to  heat  substances  u 


a  particular  kind  of  gas  for  a  lengt!h  of  time  without  altering  the  pressure  of 
the  gas.  The  author  describes  the  necessity  for  the  automatic  instrument 
described  \>y  him,  and  shown  in  well-executed  drawings  accompanying  the 
paper.  The  arrangement  is  such  that  when  the  mercury  in  the  shorter  arm  of 
a  siphon  barometer  is  at  too  low  a,  level  it  is  no  longer  in  contact  with  a  certain 
wire,  and  the  galvanic  circuit  is  broken,  whereby  the  freed  core  of  an  electro- 
magnet, actuated  by  a  spring,  pinches  the  india-rubber  supply  tube.  When 
the  mercury  Is  at  too  liigh  a  level,  contact  is  made,  and  the  attracted  core  of 
the  electro-magnet  relieves  the  supply  tube. 


C.  R,  AUIEB  WBIOHT— ON  THE  DETERMINATION  OP  CHEMICAL 
AFFINITIES  IN  TEEMS  OF  ELECTRO-MOTIYE  POECE  (Padt  I). 

iPhil.  Mag.,  Yd.  9,  So.  56,  April,  pp.  237-266.}  J 

C.  n.  ALDEB  WmOHT  and  £.  H.  BTinTIE -DITTO  (Past  II).      ■ 

(Physieal  Bodeiy,  FebTuary  29!ft,  1880.) 

The  first  of  these  papers  contains  a  general  sketch  of  the  chief  work 

hitherto  done  in  this  direction,  commencing  with  the  experiments  of  Joule, 

made  in  1816,  but  not  published  till  some  years  later  (PMl.  Sac,  18S3,  vol.  li 

p.  481),  and  the  theoretical  paper  of  Sir  William  Thomson  (ibti.,  1861,  vol.  i 
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p.  4S9],  vhich  served  as  the  first  starting  point.  The  second  paper  contains  an. 
account  of  the  anthors'  experiments,  made  with  the  view  of  determining  the 
electro-motive  force  corresponding  to  the  affinity  between  0  and  H  in  water, 
and  of  demonstrating  the  existence  of  eaurcea  of  error  of  appreciable  magnitade 
in  the  experiments  made  by  Joule  in  1867  for  the  Britieh  Association,  on  the 
lie  termination  of  the  valae  of  J  (Joule's  constant)  by  meana  of  the  electric 
current  method, 

Thomson's  demonstration  that  affinity  is  expressible  in  terms  of  electro- 
motive force  maybe  put  thos;  Faraday  ahowed  that  the  weight  of  a  given 
electrolyte,  v,  decomposed  varies  aa  q,  the  quantity  of  electricity  passing,  and 
also  as  a,  the  eqaivalent  of  tlie  compound  operated  on.  Hence  u^ag  x  where 
:(  is  a  constant,  or  at  least  a  multiplier  independent  of  the  quantity  of  elec- 
tricity passing  and  of  the  equivalent  of  th-e  sabstanc*.  If  aj  =  a,  x^— ,  *-e., 
lUe  value  of  x  '*  ^^^  reciprocal  of  the  quantity  of  electricity  requisite  to 
ileeompoae  a  weight  in  grammes  numerically  equal  to  the  eqaivalent  of  the 
substance,  or  a  "gramme- equivalent "  of  sufcstance.  Prom  determinations  made 
by  KohlrauHch  and  others,  the  value  of  x  '^  found  to  be  0'000,105  in  the  C.  Q.  B. 
system,  eleclro.magnetic  measure.  The  work  done  in  decomposing  a  gramme- 
fquivalent  of  substance  (i.e.,  the  afHnity  between  the  constitutsnta  into  which 
it  is  decomposed)  may  be  expressed  accordiogly  either  by  H  J,  where  E  is  a 
value  in  heat  tmits,  or  by  d  3  ^  — ,  where  <  is  a  value  in  Llectru-motive  force, 

1  ^ 

3  and  —  being  constant  multipliers. 

■When  electrolysis  takes  place  the  total  work  done  in  moving  a  given 
quantity  of  electricity,  Q,  BufHcient  to  decompose  a  gramme- equivalent  of 
substance,  from  one  point  to  another  is  K  Q,  whure  E  is  the  difference  of 
[jutentiaJ  sabaisting  between  the  points.  In  practice,  part  of  this  work  is  always 
dine  as  sensible  heat.  If  the  heat  thus  evolved  per  gmmme-oqnivalent  decom- 
[lused  be  H,  the  work  thus  done  is  H  J,  ao  that  the  work  done  as  chemical 
I  decomposition  is  EQ  — HJ;  this  mnst  equal  e  Q,  where  e  is  the  electro- 
aotive  (orce  corresponding  to  the  affinity  between  the  constituents  into  which 

le  body  is  decomposed,  whence  «  =  E —  =  E  —  H  J  x.    Hence  the  value 

s  determinable  by  finding  E  and  H,  tliat  is,  by  determining  in  a  given 
experiment,  E,  the  average  diSerence  of  potential  between  two  given  points 
.,  the  electrodes  of  a  voltameter),  the  heat  evolved,  and  the  amount  of 
substance  decomposed,  the  value  of  H  being-  calculable  from  these  two  last  data. 
Joule's  observations  made  in  1816  contain  the  data  for  applying  this 
fomjula,  the  value  of  E  being  calculated  from  the  number  of  cells  of  a 
Darnell's  battery  used,  and  some  of  the  tangent  galvanometer  observations 
maiie.  The  authors  find  that  the  valutss  thus  obtained  for  water,  copper 
sulphate,  and  zinc  sulphate  are  sabstantially  the  same  as  those  deduced  by 
Joule  from  nn  entirely  different  mode  of  reasoning ;  they  have  also  tried 
LiBTenil  other  methods  of  determining  E,  and  give  the  preference  to  a  quadrant 
pctrometer,  the  scale  of  which   is  calibrated  by  a  Clark's  cell  during  tha 
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obHTvations.  A  series  of  eigLteen  experiments  thiu  made  give  aa  the  Snal 
reeult  tbe  I'olue  fi.>r  b,  iu  the  ousa  of  water  decompoBed  into  0  and  H 
at  16'>-20=  (3^  1-5003  volta.  (l-SOJU  x  10«  C.  G.  8.  units),  with  a  probable 
error  of  +  0-0048,  or  +  0'33  per  tunt.  On  the  other  hand,  a  careful  rccaicula- 
tion  of  all  the  available  data  cunraniiug  tbe  heat  developed  when  hydrogen 
and  oxygen  are  burnt  to  water  (the  oliservations  being  reduced  to  the  standard 
of  atmospheric,  presaare  and  lS''-20-'  C),  gives  a?  final  resnlt  a  development 
of  84,100  grftmme  degreei  per  grain  in  e-cquivalent,  corresponding  to  all  electro- 
motive force  of  1-3038  volta.,  the  v:iIub  of  J  being  taken  aa  42  x  10''  Ikroughont. 

The  close  agreement  between  tliese  two  valnes  may  he  taken  to  indicate 
that  the  value  of  J  lies  close  to  43  x  10°.  Absolute  agreement  may  be  obtained 
if  J  be  taken  aa  41*96  x  10°,  when  the  value  of  e  becomes  from  each  net  of  data 
l'S023  volta.  Certain  constant  Bn:all  sources  of  error  in  the  observations,  how- 
ever, lead  to  the  result  that  the  quantity  of  substance  decomposed  is  always 
slightly  nndervaltied,  whence  the  value  of  e  is  also  slightly  undervalued,  since 
the  negative  term  in  the  espresaiou  b^B  —  HJ^is  overvalued  ;  and  hence 
the  ultimate  value  of  J  deduced,  41-96  x  lOt,  is  undervalued  when  llieie 
sources  of  error  are  not  taken  into  account. 

The  value  of  J  deduced  by  Joule  from  his  1867  eiperjmeBta  (a  rednction 
to  the  standard  for  a  gramme-degree  as  being  the  heat  requisite  to  calse  a 
gramme  of  water  tram  0  to  1°]  represents  upwards  of  42  x  10°,  the  value 
varying  slightly  according  as  KegtiauLt's  formula  for  the  alteration  in  the 
specific  heat  of  water  with  tempsraiure  is  taken  as  correct,  or  Bosscha's  formula 
deduced  by  recalculation  of  Eegnault'a  data,  but  being  in  each  case  close  to 
42-1  X  10°.  This  value,  moreover,  is  shown  to  he  probably  appreciably  too  low, 
on  account  of  sources  of  error,  the  joint  effect  of  -ivhich  is  approximately  ascer- 
tained to  cause  a  deficiency  of  near  O  5  per  cent.  On  the  other  hand,  Joule's 
water-flriction  valnes,  obtained  in  1350  and  1878,  accord  very  closely,  and  on 
rednction  give  numbers  very  close  to  41  5  X  10°,  so  that  Joule's  value,  obtained 
hy  the  electric  current  method  in  18G7,  and  the  value  deduced  by  the  authors, 
both  agree  so  far  that  they  both  indicate  a  value  of  J  considerably  more  than 
1  per  cent,  higher  than  that  deductd  from  Joule's  most  carefully  made  water- 
friction  experiments.  This  discrepancy  may  be  explained  by  supposing  that 
the  £  A  tinit  of  resistance  is  upwards  of  1  per  cent,  above  its  theoretical  value 
(I  earth  quadrant  per  second),  as  such  an  error  would  exactly  account  for  the 
excess  in  each  case.  In  confirmation  of  this,  Kohlraiuch  has  concluded,  from 
his  own  redeterminationa,  that  the  B  A  unit  is  really  1-9S  per  cent,  too  large. 
On  the  other  hand,  Lorenz  has  obtained  results  (apparently  more  open  to 
objection  than  thoae  of  KutUrauscLi)  which  indicate  that  the  B  A  unit  is 
somewhat  below  its  theoretical  value,  ivhilst  Him,  Violle,  and  Eegnault  have 
obtained  values  for  J  higher  than  43-  X  10",  employing  methods  not  involving 
the  B  A  nnit. 

The  methods  adopted  by  the  authors  for  avoiding,  as  f^r  aa  possible,  sources 
of  error  are  fidly  described,  especially  a  threefold  mode  of  determining  the 
radiation  corrections  for  the  calorimeter  used  (enclosed  in  a  water  jacket). 
The  chief  source  of  error  above  alluded  to  in  Joule's  18G7  experiments,  lies  in 
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(lie  fact  that  heat  ii  generated  in  tlie  experinieiital  wire  more  rapidlj  thm  ia 
poHilile  for  it  to  be  c3mmaiiicat«d.  to  the  surrounding  water  iu  the  calorimatei, 
uid  beoce  that  the  mean  temperature  of  the  wire  during  an  experiment  is 
higher  than  that  assumed  to  be  poseesaed  by  it,  yiz,,  the  mean  temperature  o£ 
tbe  calorimeter,  and  congequeiitlj  its  reEistanue  is  undervalued.  Oa  determin- 
ing the  diCTerence  of  potentiiil  set  up  between  the  ends  of  a.  wire  immersed  in 
water,  bj  pasaing  currents  of  different  strengths  thruugU  it,  the  water  being 
kept  within  the  same  temperature  limite  in  each  experiment,  so  that  the  mean 
lemperatnre  of  the  water  was  practically  the  same  in  each  case,  it  was  found 
(hat  the  ratio  of  potential-difference  to  current,  repi'esenting  the  resistance  of 
the  wire,  was  not  constant,  but  rose  with  the  current  value.  With  tbe  apparatus 
employed,  currents  of  the  strength  used  bj  Joule  (aboat  0-3  C.  Q.  S.carrent 
luits,  or  S  Webers)  cauaei)  a  superheating  of  the  wire  (which  had  a  reaistance 
(rf  A  little  more  than  1  obm)  to  the  extent  of  some  8"  (calculated  from  the  rise 
of  il«  resistance)  even  when  the  water  was  kept  continually  stin'ed  and  almoat 
violently  agitated  throughout  to  avoid,  aa  far  as  possible,  over^ijeattng  of  the 
wir«  through  adherence  to  it  of  warmed  water.  This  superheating  was 
iucreased,  as  might  be  expected,  by  Tarnishing  the  wire,  or  by  stirring  at 
intervals  insteafl  of  incessantly.  Bourcea  of  errur  such  aa  these  present  them- 
selves in  all  cases  where  currents  of  moderate  magnitude  are  passed  through 
reaiBtances  for  some  little  time,  as  in  the  lieterrnination  of  electro-motive  force 
by  methods  such  as  those  used  by  Latimer  Clark,  i.e.,  the  wire  becomes  inter- 
nally heated  somewhat  above  the  temperature  of  the  medium  surrounding  it, 
and  consequently  has  its  resistance  proportionately  increased  by  an  unknown 


H.    BBCQUESEln— ATMOSPHERIC    rOLAElZATION    AND    THE    IH- 

FLDENCE  OP  TBREESTfitAL  MAGNETISM:  ON  THE  ATMOSPHERE. 

(Journal  de  Physique,  No.  98,  Fclruary,  1880,iip.  51-5Gj 

The  philosophers  who,  from    h       m  Arago,  have  busied  themselves 

with  atmospheric  polarization  ha  n  ud  h  the  plane  of  polarization  of 
tbe  light  sent  from  any  point  oh  y  p  se  through  the  sun,  or  was  per- 
pendicular to  a  plane  passing  th  gh  h  um  nary.  M.  Secquerel  was  led 
10  think  that  this  coincidence  did  g  al  y  xist,  bo  that  he  undertook  the 
problem  of  determining  exactly  po    tiona  of  the  aun  and  of  the 

^ane  of  pularization.  After  accumulating  the  results  of  two  yeara  observa. 
tiona  lie  has  come  to  the  conclusion  that  if  we  call  a  plane  passing  through 
aoj  point  of  the  sky  the  eye  of  the  observer,  and  the  centre  of  the  sun  the  sun'i 
then  that  there  is  a  variable  angle  lietween  that  plane  and  the  plane  of 
■rization  of  the  light  coming  from  the  particular  point  looked  at  in  the  aby, 
that  the  plane  of  polarization  is  always  below  the  sun,  that  ia,  between  it 

the  horizon.  If  the  point  looked  at  ba  north  or  sooth,  and  near  the  horizon, 
the  angle  is  small  inthe  early  morning,  reaches  amaiimumabont  9or  10»,TH., 
becojraea  noaght  at  noon,  reaches  another  maximum  at  2  or  3  p.n; 
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nought  again  at  Bunret.  Towards  the  east 
planes  is  obserred,  bat  there  is  a  minjmun 
evening  the  angle  hetween  the  suii'b  plai 
tolerably  large,  as  mnch  aa  6° ;  bat  near 


ip  west  no  exact  coincidence  of  the 
about  noon.    In  the  morning  and 

e  and  the  plane  of  polarization  is 
the  time  of  coincidence  there  are 


perturbatiiins  which  have  preventEd  M.  Becqnerel  following  the  movements  of 
tlie  plnne  of  polarization  near  eunriae  and  aanxet. 

All  the  phenomena  observed  lead  to  the  conclnaion  that  the  plane  of  polari- 
zation is  twisted  in  the  positive  direction  as  seen  by  a  person  with  his  head 
towards  the  north  and  his  feet  townrds  the  south,  and  that  in  the  region  per- 
pendicular to  the  dippin  g  needle  the  plane  of  polarization  saflers  practically 
1  twiit.  The  author  is,  therefore,  led  to  the  conclniiion  that  this  rotation 
of  the  plane  is  due  to  terrestrial  magnetism.  Certain  investigatiuns,  not  yet 
concluded,  have  enabled  him  to  calculate  a  pritrri  the  possible  amount  ot 
rotation  producible  by  the  earth's  magnetism  when  the  thickness  of  air 
through  which  the  light  comes  is  known. 

This  thickness  has  of  course  not  been  accurately  determined;  but  by 
making  certain  hypotheses  he  has  arrived  at  the  result  that  the  probatile 
theoretical  amount  of  rotation  of  the  plane  of  ]>olari>sation  dne  to  terrestrial 
magnetism  is  of  the  same  order  as  the  observed  value.  At  the  same  time,  the 
theoretical  value  is  too  small  to  enable  him  to  conclude  that  terrestrial  mag- 
is  the  HOle  cause  of  the  observed  rotation. 


(Fhilosophical  rranidctiuns,  Eoyal  Society,  Part  I.,  1880.) 
Up  to  1876  the  whole  theory  of  voltaic  action  was ina  vague  andincom- 
plete  state.  Direct  esperiments  oq  the  difference  of  potentials  of  aolida  in 
contact  with  liquids  had  indeed  baen  made,  but  all  with  indecisive  results, 
owing  to  the  imperfections  of  the  apparatus  and  methods  employed  by  the 
earlier  exptrimenters,  and  the  unjuBtiflable  asBumptionB  made.  For  instanca, 
it  was  thought  permissible  to  touch  a  liquid  nnder  test  with  the  fingers,  and  it 
was  assumed  that  blotting  paper  soaked  in  a  liquid  acted  inductively  ai  the 
liquid  would  do.  Besides,  great  vagneness  existed  as  tu  whether  the  contact 
difference  of  potentials  (hereafter  C.  D.  oC  P.)  of  two  subatances,  A  and  B  (for 
brevity  A  B)  was  variable,  as  assunned  by  some,  or  a  constant  depending  on 
A  and  B  and  the  temperature,  as  Gerland  considered  he  ha^  proved,  when  one 
or  both  substances  was  solid.  But  the  agreement  of  the  E.  M.  F,  of  his  cells 
witli  the  sum  of  the  C.  D.  of  P,  at  tbe  surfaces  of  separation  is  so  striking  ai 
to  east  doubt  upon  his  oonclusionB,  and  as  he  did  not  experiment  with  two 
liquids  in  contact,  he  could  not  draw  legitimate  conclusions  in  the  latter  case. 
Kohlrausch  alone  had  made  direct  experiments  on  the  0,  D,  of  P,  of  two  liquids 
in  contact,  but  as  he  employed  surfaces  of  moist  blotting  paper,  his  results  aie 
not  convincing. 

To  clear  up  the  obscurity  of  th«  subject,  the  authors  in  1876  desired  ai 
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apparatns  and  carried  ont  experiments,  whose  results  tor  1876  will  be  found  in 
Papers  L  and  II,  (Pnw.  Eoj/.  Soe..,  No,  186,  1878)  ;  they  measnred  directly  the 
U,  D.  of  P.  in  volts,  at  each  se;iarate  contact  of  difsimilar  aubstances,  and 
proved  the  aammation  law  tint  eacli  surface  of  separation  produced  its  effects 
independently  of  the  rest.  Thus,  if  A  K.  H  U,  4c.,  were  aeparataly  measnTsd 
(A,  B,  Ac,  being  either  solid  or  liquid),  and  if  any  number  A,  B,  ,  .  .  K  were 
joined  together,  tlie  E,  M,  F.  A  K  of  the  combination  was  found  to  be 
A  K  ^  A  B  -^  B  U  -{-  ,  ,  ,  +J~K,  After  the  preliminary  notice  of  these  results 
[British  Association,  1876)  Professor  Clifton  published  a  paper  on  the  suliject, 
and  his  results,  as  far  as  tbey  go,  are  in  general  accord  with  the  authors', 
altliongh  his  apparatus,  in  spite  of  its  exact  workmanship,  is  objected  to  for  the 
■ame  reason  as  Gerland's,  viz.,  the  impussibility  of  meaauriiig  with  it  the 
C.  D.  of  P.  of  two  liquids  in  contact.  The  experiments,  whose  results  are  in 
tlje  present  paper,  were  made  in  1877-78  with  a  new  apparatus  poraessing 
important  modifications  suggested  by  experience.  The  principle  of  the  method 
(which  was  inductive,  since  a  conductive  method  would  inti'oduce  unknown 
C,  D,  of  P.)  was  as  follows : — Two  insulated  gilt  brass  plates,  3  and  4,  are  con- 
nected one  with  each  terminal  of  a  quadrant  electrometer,  und  underneath  the 
plates  are  placed  two  anhsfances  in  contact,  1  and  2,  whose  C.  D,  of  P.  is  to  be 
found.  Tlieir  potentials  are  A  and  A  +  "■  Two  operations  are  now  performed ; 
first,  1  being  under  3  and  2  under  4,  the  induction  plates,  3  and  4,  are  connected 
together  and  then  insulated,  leaving  them  and  the  pairs  of  quadrants  in  con- 
nection with  them  at  one  potential  B,  Next,  1  and  2  are  reversed  in  position, 
M  that  now  1  is  under  i  and  2  under  3,  and  the  potentials  of  3  and  4  now 
become  D  +  d  and  D,  and  the  needle  is  deflected.  It  is  shown  theoretically 
that  d  will  be  proportional  to  o,  or  the  deHection  of  the  electrometet  propor- 
tional to  the  C,  U.  of  P.  of  the  sutstanoes,  provided  the  induction  arrangement 
is  symmetrical  in  both  positions,  or  if  the  potentials  A,  B,  and  D  are  zero. 
Perfect  symmetry  being  unattainable,  an  earth  connection  made  A,  B,  and  D 

The  apparatus,  which  was  very  solidly  constructed,  may  be  thug  generally 
Jescrihed.  A  table  carries  levelling  scre-ws  for  supporting  the  experimenta! 
substances,  say  a  metal  plate  and  a  liquid  in  a  porcelain  dish ;  and  the  induction 
plates  are  supported  above  them  by  vertical  glass  rods  contained  in  an 
artifically  dried  space,  the  upper  ends  of  the  rods  are  fistened  to  a  horizontal 
beam  which  has  a  vertical  motion,  obtaineil  hy  an  arrangement  similar  to  that 
of  a  parallel  ruler,  thus  enabling  the  induction  plates  to  be  raised  or  lowered 
together,  so  that  the  table  which  is  centred  on  a  pin  turning  in  a  socket  and 
mna  with  wheels  upon  a  horizontal  railway  may,  when  it  is  rotated  in  order  to 
reverse  the  positions  of  the  experimental  substances,  carry  the  vessel  containing 
tlie  liquid  clear  of  the  induction  plates.  There  are  besides  various  details  for 
eDsnring  accurate  performance,  and  the  whole  apparatus  is  enclosed  in  a  zinc 
case  connected  with  earth  to  avoid  external  induction,  and  is  not  opened  during 
a  complete  experiment.  After  the  insulation  of  the  apparatus  ^n'  been  proved 
perfect,  and  the  adjustments  have  been  properly  made,  so  tiiat  the  induction 
plates  ore  level  and  horizontal,  parallel  to  and  equLdiataW,  Srom.  ftie  ei^Ti. 
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mental  subitatjifes,  Uie  zinc  oaee  ie  closed,  the  indncttOD  plates  cocncetcil 
together,  anil  tlie  electrometer  reading  taken.  The  induction  plates  are  thus 
insulated  and  raieed,  the  table  rotated  to  reverse  tfae  poaitioni  of  tLe  eubstancei, 
the  Induction  platei  lowered  to  exacllj'  their  fanner  poBitiuns,  and  the  reading 
taken  agiiin.  After  some  teo  readings  in  this  way  an  equal  number  are  taken 
commencing  with  the  snbstancea  in  revevsed  positions  to  correct  for  defects  of 
parallelism,  and  the  mean  of  the  two  sets  is  taken  as  the  result  of  the 
experiment.  The  standard  E.  M.  F.  was  a  zinc-copper  C.  D.  of  P.  amotuiting'to  J 
■75  volt,  it  having  been  found  moTe  constant  than  the  Latime.r  Clark  cell  I 
formerly  used.  1 

The  results  already  obtained  are  (I),  the  CD.  of  T,  of  metals  and  liquids  at 
the  same  temperature ;  (3),  ditto,  when  the  Bubstances  in  contact  are  at  different 
temperatures ;  (3),  the  C.  D.  of  P.  oE  carbon  and  platinum  with  water,  and  -with 
weak  and  strong  sulphuric  acid  ;  bat  only  those  under  head  1  are  given  in  this 
paper.  They  are  calculated  first  in  chronological  order,  and  next  the  meaE 
C.  1>,  ol  P.  in  volts,  of  solids  with  liquids  and  liquids  with  liquids  in  one  table 
and  of  Bolids  with  solids  in  another.  Very  discordant  results  were  obtained 
with  mercury  owing  to  small  differences  of  temperature  producing  much 
variation.  The  C,  D.  of  P.  of  the  constituents  in  a  Latimer  Clark's  mercurons 
sulphate  cell  also  gave  much  trouble,  on  account  of  the  thin  layer  of  watsr 
which  floated  above  the  paste,  bat  after  many  experiments  conducted  with 
great  care  Pti~Ug  was  found  to  be  -166  volts.,  Hg,  mixture,  AmaJg.  Zinc 
■aoo  and  Amalg,  Zn,  I't  1-125  volts.  The  sum  ot  these  ia  1-481  volts.,  which 
shutild  equal  the  E.  M.  P.  of  the  cell,  abont  1-46  volts. 

As  a  teat  of  accuracy,  the  sun»  A  B  +  BT5  -f-  OA  for  three  metalB  shonld 
vanish.    Some  of  the  restilts  are 

OSjTb      +P^t      +"Ftrcii     =~-742  4-771  — ■228  =  — -009 

Cu,  Zn       +  Zn,  Pb       +  Pb,  Cu      =  —  -850  +  -210  +  -542  =      -003 

Pe,  Brass  +  Bnias,  Cu  +  Cu,  Te     =       -06*  +  -087  —  -346  =       -OOfi 

Zii,Pt       +  Pt,Cu        +  Cu,  Z7i     =       'gsi  —  -238  —  760  =  —  -007 

,  ZiTPt       +Pt7Pb        +  PI),  Zn      =       -881  —  ^Tl  —  .310  =       -OOO.. 

i?e,  Uu       -I-  Uu,  Brass  +  Uraas,  fe  =       -lie  — -087  — -064  =  —  -005 

Considering  that  the  temperatures  were  not  always  the  same,  the  smgdJnell  ol 

the  sums  proves  considerable  accuracy  in  the  experiments, 

In  all  the  experiments  two-air -contacta  enter;  thna,  where  it  i«  desired  te 
measure  AB",  what  is  measured  is  Air,  A  +  AH  +  U,  Air,  and  similarly  for 
B  and  C,  what  is  measured  being  Air,  11  -)-  BIJ  -|-  C,  Air,  so  that  what  is  proved 
is  that 

AlvA  -)-XB  +  IVAfr  +  Air,  B  +  Bt!  +  0,  Air  =  AiivA  +  AB  -{-  BC  +  uTAir 
which  proves  the  summation  law,  whatever  the  C.  D.  of  P.  of  a  substance  with 
air  may  be,  as  long  as  does  not  change,  but  it  gives  no  indication  of  the  actual 
falue  of  the  C.  D.  of  P.  at  an  air.contact, 

"Wlien  the  0.  D.  ot  P  of  A  and  B  is  measired  in  a  gas  G,  the  result  obtained 
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P%e  A  +  AB  +  BG,  and  the  aifferfince  lietireen  this  and  the  a: 

Ji Air,  A  +  B,  Air  —  TiA  —  B  G ;  so  that  it  can  beaBcertained  if  the  C.  D.  of 
P.  of  a  mhatance  with  a  gaa  differs  much  with  different  gaeea,  Mr.  Brown  of 
Belfast  has  already  mafie  qnaliiaiivs  c^pHriments  in  this  direction  ;  and  in  a 
Cronkes"  vacaum  the  real  value  of  A  ij  might  be  reached,  the  same  ai  the 
E.  M.  F.  of  the  Peltier  effect,  bo  the  authors  intend  to  extend  their  quantitative 
experiments  to  other  gases  than  air,  and  to  a,  Orookes'  vacuTiin,  as  well  as  to 
e  the  Peltier  effects. 


.   K&CH    tutd   S.   DOUBBAVA— 01iSEBYATI01i&  Ati   TO   THE   DIPr 

FERENCE    IX    THE     ACTIONS    OF    POSITJTE    ASD    NEGATTTi: 
ELEOTKICITY.' 


(AnnaJeti  der  PJtysii  onA  Chetnic,  B.  i 


.,  Wo.  1,  ] 


10.  pj).  61.76.) 


Tlie  anthors  commence  by  referring  to  the  experiments  of  Mach,  Jloabravft, 
LuUin,  Lichtenlierg,  saying-  that  the  phenomena  observed  would  appear  to  be 
enigmas,  not  anhject  to  the  present  mathematical  theory  of  electricity.  They 
draw  attention  to  tha  fact  that,  if  any  one  set  of  phenomena  he  taken  by 
themselveB  it  ii  easy  to  set  up  a  plausible  theory,  hut  that  the  only  way  to 
strive  at  the  true  explanation  is  to  seek  for  one  common  source  of  all  the 
phenomena.  lieitiinger  first  pointed  out  a  p.iraBelism  between  Iiichtenberg's 
figures  and  Faraday's  Inmiuous  bmahea,  and  he  sought  for  an  explanation  in 
the  motion  of  the  air  particles  from  the  positive  electrode.  PHieter  opposes 
this  view,  and  looking  at  the  experiumnis  of  Bezold  says,  that  tflo  little 
attention  had  been  paid  by  Eeitlinger  to  the  natnre  of  the  dielectric.  Thus 
again,  in  Lullin's  experiment  which  consisted  in  piercing  a  card  by  a  discharge 
of  electricity  between  two  points  on  opp  jsite  sides  of  the  caid,  but  not  quite 
opposed  to  one  another,  the  hole  is  always  found  opposite  the  negative  point. 
This  was  explained  by  Eeitlinger  to  be  due  to  tha  greater  length  of  the 
positive  brush ;  but  the  experiment  succeeds  equally  well  in  carbonic  di-oxide 
where  the  bmahes  are  short.  Again  Waltenhofen  has  shown  that  if  we  repiac* 
the  card  by  some  other  substance,  such  a  p.iper,  the  hole  is  made  opposite  tha 
positive  points  He  came  to  the  conclusion  that  Ihe  hole  would  be  opposite  the 
negative  point  in  the  case  of  all  substances,  which  when  rubbed  with  damp  air 
become  negative,  and  that  it  would  Ije  opposite  the  positive  point,  when  the 
substance  pierced  was  such  that  it  became  positive  when  tubbed  with  damp 
air.  But  this  theory  is  incorrect,  for  the  phenomena  cannot  be  altered  by 
electrifying  the  substance,  or  when  we  produce  little  explosions  to  assist  the 
rush  of  air  over  the  surface.  The  autliura  think  that  not  only  the  surface  but 
also  the  interna!  constitution  of  the  card  must  be  taken  into  account.  They 
then  proceed  to  describe  numerous  vavivtlions  of  Lullin's  experiments,  using  a 
great  cumber  ot  points  by  placing  strips  anil  sharp  pointed  rhombs  of  tinfoil 
npoQ  the  card,  and  by  cutting  little  slits  in  the  caid.  Such  slits  are  only  used 
by  the  spark  if  they  come  from  negative  poles.     11  aeems  then  ftm\.  ■^■^■c 
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Imving  uHgiitive  pateutial  bas  a  greater  electrical  firmness  then  when  it  is 
positive.  They  thought  it  worth  while  to  teat  this  aaaertion  which  wonld 
explain  many  phenomena,  and  has  a  relation  to  the  fundamental  fact  that  of 
two  bodies  mbbed  one  becomes  positive  and  the  other  negative.  Doubling  the 
card  so  that  greater  thicknesses  are  opposed  to  the  negative  point ;  finding  it 
there  is  increased  heat  when  a  card  is  opposed  to  the  positive  point,  or  finding 
if  in  such  a  cage  there  is  greater  potential  diSerence  before  discharge ;  nsing 
double  paiut«d  discharging  rods  with  card  over  one  negative  point  and  card 
over  one  positive  point,  and  finding  the  negative  card  pierced,  and  finding  this 
is  not  the  case  if  little  balls  are  used  inateail  of  spheres ;  after  all  these 
experitoents  the  authors  say  that  although  the  above  assertion  may  he  kept  up 
in  a  forced  way,  we  have  not  gone  much  heyond  Waltenhofen's  assertion  that 
Lnllin's  results  depend  on  the  material.  The  authors  now  proceed  with 
centric  symmetric  arrangements.  If  a  small  sphere  a  is  one  electrode,  and  a 
larger  hollow  concentric  sphere  A  is  the  other,  then  a  discharge  more  easily 
takes  place  between  —  A  and  -|-  a,  and  indeed,  between  -f-  A  and  —  a  it  never 
becomes  a  spark  but  only  a  brush,  discharge.  Giving  well  known  mathe- 
matical expreBsions  for  electromotive  force  between  the  sphericul  surfaces, 
the  authors  show  that  the  rate  of  change  of  potential  is  no  ctiterion  of 
discharge.  Both  Bighi  and  the  authors  made  many  analog^sns  experimenti, 
Bighi's  explanations  of  which  are  not  satisfactory  to  the  authors.  Bighi 
found  a  centric  symmetrio  electrode  of  arrangement  of  the  above  kind  of  two 
metals  A  and  B,  such  that  whether  A  or  B  forms  the  material  of  the  outer 
electrode,  the  discharge  takes  placa  more  easily  between  -|.  A  and  —  B  than 
between  —  A  and  +  B. 

The  authors  now  proceed  to  consider  length  of  spark  discharge.  tJaiug 
a  spark  micrometer  they  found  that  it  required  a  greater  difference  of 
potentials  to  produce  a  spark  through  a  given  distance,  when  the  Leyden  jar 
was  charged  positively,  than  when  it  was  charged  negatively  in  the  relation 
of  G  to  4.  [The  disposition  of  the  apparatus  is  not  quite  clear.  Compare 
experiments  by  Dra.  De  la  Eue  and  Miiller,  PhiJ.  Trans.,  Tol.  169.1  If  we 
discharge  a  plimc  condenser  between  two  similar  small  ball  electi^des,  we  find 

same  length  of  spark  when  the  coatings  are  at  the  potentials  +  -;  and  —  -; 

V  V  T    2  J 

or  —  "2  and  +  g-  but  if  we  enclose  tlia  condenser  in  a  case  which  has  the 

V    '       V 
potential  +  j  or  —  -^   so  as  fa  make  the  coatings  0  and  -f-  T  or  O  and  —  T, 

we  get  unequal  lengths  of  sparks  although  this  case  geems  to  be  only 
JmmateriaUy  different  from  tlie  oflier.  The  authors  here  point  out  the 
difierenoe  in  character  between  tha  equipotential  surfaces  in  the  case  when 

T  T 

the  diaeharging  balls  are  +  -|j  and  —  -^   and  when  they  are  +  V  and  0, 

and  show  that  this  ought  not  to  be  of  any  consequence.  They  then  surrounded 
their  discharging  balls  only  by  a  metallic  case,  which  could  be  connected  with 
one  of  them  or  to  the  earth,  and  found  a  difference  in  the  length  of  spark 
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■aapcnding  on  which  of  the  two  electrodes  was  positive.    They  deMribe  a 

I  modificatioti  of  this  experiment.      Again   they  enclosed  the  apparatna  and 

Ittemaelvea  in  a  conducting  caae.     They  also  took  greater  care  in  making 

m  length  ot  sparli  with  their  Qiicrometer  arrangements     They 

D  their  conside  ration  of  fall  of  pfllfintial  in  the  neighbourhood  of  an 

Ktrode,  saying  that  there  may  be  a  constant  in  the  expression  for  distribu- 

D  of  potential,  which  does  not  change  eign  when  we  change  the  signs  of  the 

ea,  but  they  say  that  this  cannot  explain  the  phenomena  observed. 

Doabrava  made  some  eiperimenta  alone,    A  water  pipe  6-8  inch  in  length, 

(inch  in  diameter,  connecting  the  electrodes  of  a  Eoltz  machine,  showed  at 

e  middle  a  negative  potential,  and  the  zero  was  always  nearer  the  positive 

n  the  negative  electrode,  and  when  the  electrodes  changed  in  sign  the  zero 

[ived  about  one  metre.    A  metal  plate  placed  midway  between  two  pointed 

iKtrodes  had  no  charge  if  immersed  in  oil  of  turpentine,  but  was  found  to  be 

■itive  if  immeraed  in  olive  oil.    WSen  he  surrounded  the  movable  parla  of 

tt  electroscope  with  oil  of  turpentine,  it  measured  charges  as  usual,  but  if  he 

1  olive  oil  he  found  a  difference  of   readings  in  the  proportion  of  3  :  4 

cording  as  his  movable  parts  were  positive  or  negative.    The  anttors  say 

Ihat  in  all  these  experiments  the  influence  of  the  material  is  evident,  but  the 

explanation  is  as  yet  unknown. 
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le  Eighty-sixth  Ordinary  Qeneral  Meeting  of  the  Society  was 
held  on  Wednesday  evening,  March  24th,  1880,  at  the  Insti. 
tution  of  Civil  Engineers,  25,  Qreat  George  Street — Mr.  W. 
H.  Fbeece,  President,  in  the  Chair. 

The  Theatre  of  the  Institution  was  lit  up  hy  two  Electric 
bmps  on  Mr.  Crompton's  principle,  and  for  a  short  time  by  one 
.  Mr.  Heinrich's  principle. 

After  the  ordinary  business  had  been  transacted,  the  Discus- 
>n  on  *^  Some  Recent  Improvements  in  the  Electric  Light "  was 
ntinued  from  last  meeting. 

Mr.  Cbomfton  remarked  that  the  two  lamps  then  burning 
dre  constructed  on  the  principle  he  explained  last  meeting.  Each 
mp  was  supplied  with  a  current  from  an  A  size  continuous 
irrent  Qramme  machine. 

Mr.  Bebly,  who  was  unavoidably  absent,  sent  the  following: — 

OTES  ON  THE  JABLOCHKOFF  SYSTEM  OF  ELECTRIC 

LIGHTING. 

In  October,  1877,  th«  Halle  Marengo  of  the  Magasins  du 
Duvre  was  lighted  by  means  of  six  Jablochkoff  electric  lights, 
.e  first  time  that  the  Jablochkofif  system  of  electric  lighting  was 
iblicly  exhibited* 

Since  that  date,  the  Administration  of  the  Magasins  and 
!otel  du  Louvre  have  gradually  extended  the  lighting  of  their 
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establishment,  and  there  are  now  not  less  than  120  lamps 
distributed  all  over  the  place,  S4  of  which  are  burning  at  a 
time. 

The  Louvre  establisbment  has  had  a  special  100  horse-power 
steam  eogine  fitted  up  in  the  basemeot,  for  working  their 
electric  lights. 

The  light  has,  from  the  beginning,  worked  uninterruptedly 
every  night — -that  is  to  stty,  for  a  period  of  nearly  two  years  and 
a  half. 

In  February.  1878,  the  Avenue  de  I'Opcra,  Place  de  I'Op^ra, 
and  Place  du  Thefitre  Fran^aia  were  lighted,  for  the  first  time,  by 
means  of  64  Jablochkoff  electric  lights. 

Since  that  time,  that  is  to  say  for  more  than  fwo  years,  the 
lights  have  been  unintermpledly  kept  burning ;  and  the  09  lights 
which  are  now  burning — 32  in  the  Avenue  itself,  16  on  the  Place 
de  rOpera,  15  on  tbe  Place  du  Theatre  Fran^ais,  and  sis  on  the 
frontage  of  the  Opera  itself  will  continue  to  shine  for  at  least  one 
year,  for  the  Paris  Municipality  has  just  renewed  the  contract 
with  the  Socicte  Generals  for  one  year  ending  in  March,  1S81. 

A  little  later,  tbe  Hippodrome  in  Paris  was  electrically  lighted 
by  means  of  20  Serrin  regulators  (each  of  which  required  a  special 
Gramme  machine  to  drive  it,  necessitating  therefore  20  machines) 
and  fiO  Jablochkoff  lights  worked  by  three  batteries  of  20-ligiit 
Gramme  machines.  These  lights  have  been  kept,  since  that  time, 
uninterruptedly  burning  every  day,  Sundays  included — that  is  to 
eay,  for  a  period  of  two  years ;  and  the  Administration  of  that 
establishment  has  just  decided  to  taite  down  tbe  20  Serrin 
-  regulators,  and  has  contracted  with  the  Sociute  Genurale  to  replace 
them  by  68  Jablochkoff  lights,  which  is  being  done ;  so  that 
that  immense  place  will  in  future  be  lighted  by  means  of  128 
Jablochkoff  lights. 

In  October,  1878,  the  Metropolitan  Board  of  Works  contracted 
with  tbe  Societo  Gen^rale  d'Electricite  for  the  lighting;  by  means 
of  20  lights,  of  the  portion  of  the  Thames  Embankment  comprised 
between  the  Bridges  of  Westminster  and  Waterloo.  The  inaugu- 
ration of  that  lighting  took  place  on  the  evening  of  the  13th 
December,  1878. 
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The  10th  May,  1879,  the  lighting  of  the  Embankmont  was 
eitended  from  Waterloo  to  Elackfriars  Bridge,  20  lights  being 
ft'ideJ  to  the  20  already  burning. 

A  (iirther  extension  took  place  the  10th  October,  1879,  ten 
more  lights  being  placed  on  Waterloo  Bridge,  and  bringing  the 
total  of  the  lights  to  50. 

Since  these  various  datee — that  is  to  say,  for  tifteen  months  for 
the  first  series  of  20  lights ;  ten  and  a  half  months  for  the  second 
series  of  20 ;  and  five  and  a  half  months  for  the  last  aeries  of  10 
— the  whole  of  the  lights  have  been  uninterruptedly  kept  burning 
every  night,  Sundays  included,  for  ais  hours,  which  is  the  contract 
lime  for  keeping  the  lights  burning. 

These  fects  are  worthy  of  consideration,  when  it  is  borne  in 
mind  that  the  plant  had  originally  been  laid  down  for  20  lights 
only ;  that  the  extension  of  the  lighting  not  having  been  contem- 
plated at  the  time  of  the  plant  being  laid  down,  no  provision  at 
all  was  made  in  case  such  an  extension  should  take  place.  This 
necessitated  the  manipulating  and  altering  of  the  plant  each  time, 
as  the  best  that  could  be  done  under  the  circumstances.  Also 
that  another  10  lighty  (making  60  altogether)  were  subsequently 
added  to  the  50  already  burning. 

On  the  20th  December,  1878,  Messrs.  Shoolbred  &  Co,,  the 
well-known  drapers  of  Tottenham  Court  Head,  London,  purchased 
a  plant  for  lighting  a  portion  of  their  premises  by  means  of  six 
Jablochkoff  electric  lights.  One  week  after,  they  ordered  another 
6.1ight  plant ;  and  a  20-light  machine  having  been  delivered  to 
them,  instead  of  two  G.Iight  ones,  which  would  have  cost  as  much, 
the;  extended  their  lights  to  15,  then  to  20,  as  soon  as  a  special 
steam  engine  which  they  had  procured  to  work  the  light  was 
fixed  and  ready  for  work. 

They  have  now  25  lamps,  20  only  burning  at  a  time,  and  are 
so  pleased  witli  the  light  that  they  would  have  further  extended 
it  last  season,  had  they  not  been  afraid  of  being  interfered  with 
in  their  business  by  the  carrying  oat  of  the  necessary  alterations ; 
they  are,  however,  contemplating  its  extension  for  the  coming 
season. 

Their  lights  have  been  burning  uninterruptedly  for  these  last 
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fifteen  months,  the  only  stoppage  occurring  being  during  the  longest 
days  of  midsummer ;  and  it  is  worthy  of  notice  that  during  the 
fogs  of  the  past  winter,  for  three  weeks  together,  the  lights  were 
kept  burning  from  ten  ft.m.  till  seven  p.m.  without  a  tangle 
interruption. 

At  the  same  date  the  Aston  Lower  Park  Company  of  Binning, 
ham  purchased  a  plant  for  lighting  their  admirable  pleasure 
grounds,  aquarium,  skating  rink,  theatre,  &c,,  with  40  lights  of 
the  Jablochkoff  system.  Since  that  date,  that  is  to  say,  for  a 
period  of  15  mouths,  the  whole  of  the  lights  hare  been  uninter. 
ruptedly  kept  burning. 

The  same  may  be  said  of  Messrs.  Wells  &  Co.,  marble  , 
merchants,  of  Shoreditcb,  who  have  been  using  G  Jablochkoff 
lights  since  October,  X878  :  of  Messrs;  Crocker  &  Sons,  of  Friday 
Street,  City,  who  have  had  the  whole  of  their  splendid  warehouse 
fitted  up  with  20  JablochkofiF  light*  working  since  nearly  one  year 
ago :  of  Mr.  Nicol,  tailor,  in  Regent  Street,  who  has  been  using 
four  of  these  bghts  in  the  windows  of  bis  large  shop  since  the 
beginning  of  November  last,  and  of  Messrs.  Samuel  Brothers, 
tailors,  in  Ludgate  Hill,  in  whose  shop  13  have  been  burning  since 
the  middle  of  December  last. 

The  annual  picture  exhibition  known  as  the  "  Salon,"  in  Paris, 
and  which  is  held  at  the  Palais  de  I'lndustrle  during  the  month  of 
June,  is  under  the  control  of  the  Ministry  of  Beaux-Arts,  who  last 
year  only  signed  the  authorisation  for  lighting  the  Palais  de 
rindustrie  on  the  l.st  June,  the  very  day  of  the  inauguration. 

The  work  of  erectiug  steam  power,  electric  machinery,  fixing 
the  electric  lamps,  and  the  necessary  conducting  wires,  was  carried 
on  during  seven  consecutive  days  and  nights  without  a  stopple ; 
and  on  the  8th  June,  the  necessary  steam  and  engine  power  to 
drive  16  batteries  of  16  lights  each — the  said  number  of  batteries 
of  dynamo- electric  machines  having  been  got  ready,  some  six  or 
seven  miles  of  conducting  wir^  fixed,  and  all  the  lamps  placed  and 
connected,  256  Jablochkoff  electric  lights  illuminated  nightly  the 
said  Exhibition  from  that  date  up  to  the  end  of  the  month — not 
less  than  117,509  persons  visiting  it  at  night  and  paying  each  one 
franc  admisaion. 
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The  authorisation  for  this  year  laving  just  been  obtained,  the 
Societe  Generale  is  preparing  for  lighting  the  coming  "Salon"  with 
400  Jablochkoff  lights. 

Many  places  have  been  lighted  in  Paris  and  in  France  for 
spaces  of  times  as  long  as  those  above  mentioned,  and  especially 
the  Theatre  du  Ch^telet,  in  Paris,  where  16  lights  have  been 
burning  outside,  inside  in  the  auditorium  and  on  the  stage,  and 
this  with  a  great  success  for  two  years.     There  are  actually — 

465  lights  of  the  Jablochkoff  system  burning  in  Paris. 

428  lights  of  the  JablochkoEf  system  burning  in  the  French 

provinces. 
823   lights  of    the   Jablochkoff   system    burning  in  foreign 

countries. 

Uaking  a  total  of  1,716  lights,  198  of  which  are  actually  burning 
io  this  country. 

The  small  proportion  of  lights  burning  in  Great  Britain,  com- 
pared with  other  countries,  is  owing  to  the  fact  that  the  French 
Society  is  more  of  a  demonstration  Society  in  this  country  than  of 
a  commercial  concern,  as  it  has  always  been  intended  to  work 
this  system  with  a  large  English  Company,  which  has  only  been 
recently  constituted. 

The  Metropolitan  Board  of  Works  has  renewed  for  one  year 
the  contract  with  the  Societe  Gen*rale  for  lighting  the  Thames 
Embankment  and  Waterloo  Bridge  ;  the  new  contract  expiring  on 
the  10th  April,  1881. 

The   price  paid  by  the   Metropolitan   Board   of  Works   was 

originally  6d.  per  hour  per  light  per  lamp.     This  was  reduced  to 

5d.  per  hour  per  light  on  the   Board  extending  the  number  of 

^^jights  to  40 ;  then  to  3d.  on  the  lights  being  extended  to  50,  and 

^■le  contract  renewed  for  six  months.     It  is  now  to  be  carried  out 

^Rk  2Jd.  per  light  per  hour,  the  contract  having  been  extended  to 

one  year,  and  the  Societe  Gi^ncrale  contemplating  extending  the 

number  of  lights  to  certain  private  concerns  from  their  centre  at 

Charing  Cross. 

The  JablocbkoEf  system  of  electric  lighting  is  now  used  in 
lOBt  every  description  of  establishments,  places,  oi  \,T8ii.fts,  ^,, 
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in  shops  (largely),  111  streets,  in  squares,  bridges,  in  tbeatres, 
circuses,  engineering  works,  blasting  furnaces,  dyeing  works, 
weaving  and  spinning  mills,  laimdries,  foundries,  hotels,  private 
residences,  paper  manufactories,  docks,  basins,  on  board  steam 
Teasels,  in  building  yards,  pleasure  gardens,  optical  works,  public 
establishnit-ots,  rauseumj;,  exhibitions,  railway  stations,  ttc.,  &c. 
Even  crowned  heads  have  taken  advantage  of  it ;  for  their  Bayai 
Highnesses  King  Tbebaw  of  Burmah  has  had  60  fitted  up  in  his 
palace  at  Rangoon ;  Shah  Nasser  ed  Deen  of  Persia,  four  in  his 
palace  at  Teheran  ;  Prince  Agakhan,  6  in  his  palace  at  Bombay ; 
King  Dom  Luis  I.  of  Portugal,  six  in  his  royal  palace  of  Oascafis ; 
and  the  unfortunate  CK-queen,  Isabella  of  Spain,  sis  in  the  con- 
servatory of  her  beautiful  residence  in  Paris. 

The  first  Jablochkoff  candles  made  were  sold  at  8d.  each.  The 
price  was  soon  reduced  to  7Jd.,  then  to  6d, ;  they  lasted,  at  that 
time,  IJ  hour.  Successively  the  price  was  reduced  to  5d.  and  4d., 
at  which  it  now  is,  and  at  the  same  time  the  duration  was 
increased  from  one  and  a  half  hours  to  two  hours ;  so  that  it  can 
be  said  that  the  cost  for  the  candle  only,  which  was,  during  the 
winter  1878-9,  5d.  per  hour  per  lamp  (7d.  for  one  and  a  half 
hours),  has  been  reduced  during  the  following  year  from- that  price 
to  2d.  per  hour  (4d.  for  two  hours),  or  60  per  cent,  reduction  in  price. 

The  cheapening  has  been  trought  about  by  the  candles  being 
successively  improved,  and  from  the  quantities  manufactured  being 
constantly  increasiDg. 

The  increase  in  their  duration  has  been  obtained  by  simply 
covering  the  carbon  with  a  film  of  copper  by  means  of  the  electro- 
plating process,  which  so  little  increases  the  cost  that  they  are 
sold  at  the  same  price  as  the  non-coppered  ones. 

The  two  bnperfectioES  with  which  Jablochkoff  system  is  re- 
proached are,  viz.,  the  fact  that  the  whole  circuit  goes  out  if  one 
single  candle  in  the  said  circuit  does,  aud  the  inconvenience  of 
switching  a  new  candle  into  circuit  every  two  hours,  hav8  not 
been  lost  sight  of  by  the  Socicte  Gcnurale  and  its  staff. 

Although  the  first  of  these  two  inconvenieDces  is  of  no  great 
importance,  since  in  practice  the  single  lights  do  not  go  out,  still 
an  efficient  remedy  has  been  found  in  a  caudle  which  relighte 
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itaelf ;  which  I  illustrated  at  the  British  Museum  in  March,  1879, 
when  carrying  out  the  experimental  lighting  of  the  Reading  Room 
of  'that  establishment,  and  to  which  Mr.  Keates,  the  Chemist  to 
the  Board  of  Works,  referred  in  the  evidence  given  by  him  ou 
16th  May,  1879  (I  thinkNo.  1,437),  before  the  Helect  Committee 
on  Lighting  by  Electricity. 

'  As  to  the  second  one,  numerous  arrangementa  have  been 
devised  to  do  away  with  it,  and  some  of  them  are  nearly  as  perfect 
SB  could  be  desired.  Something  as  simple  as  the  candle  itself 
being  required,  to  be  effective  aad  practical,  the  more  or  less 
ingenious  devices,  some  of  which  are  extremely  ingenious,  have 
not  yet  been  put  into  regular  use ;  but  there  is  now  a  plan  under 
trial  at  the  works  of  the  Societe  Generale  which,  it  is  believed, 
will  definitely  and  satisfactorily  sol^e  the  question- 
Had  I  been  allowed  to  bring  inside  this  room  a  pair  of  con. 
ducting  wires  from  our  centre  at  Charing  Cross,  I  would  have, 
wilAi  other  illustrations,  shown  an  automatic  switch  which  is  so 
simple  and  effective  in  its  action  that  a  fresh  candle  is  without 
hesitation  brought  into  play,  if  the  burning  candle  goes  out  or  is 
burnt  dovm.  I  cannot  yet  describe  it,  but  will  say  that  it  is  not 
likely  to  be  adopted  in  its  present  form.  It  is,  strange  to  say, 
dmplar  than  the  lamp  itself  without  the  switch ;  and  the  lamp 
with  the  said  switch  would  undoubtedly  cost  less  than  without  it. 
However,  it  is  deficient  in  one  respect,  and  consequently  not 
perfect. 

The  great  impetus  given  to  the  question  of  electric  lighting, 
and  to  which  the  Societe  Generale  on  the  Continent  and  the 
Soci^t^  Gt'ncrale  and  the  Board  of  Works  in  this  country  have 
contributed  a  very  large  share,  has,  besides  the  direct  result  of 
prdmoting  important  improvements  in  the  various  more  or  less 
successful  systems  of  electric  lighting  now  in  use,  had  also  the 
indirect  result  of  promoting  researches  and  improvements  in  the 
various  apparatus  connected  with  the  solution  of  this  important 
qa  estion. 

The  beautiful  alternating  dynamo-electric  machine  of  Mr. 
Gramme  was  devised  by  him  especially  to  suit  the  Jablochkoff 
candle,  which  requires  an  alternate  current  to  work  it. 
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The  more  recent  progress  made  by  Mr.  Gramme  in  com^niog 
iuto  ono  his  two  admirable  contiDuous  and  alternate  current 
machines,  and  producing  his  self-esciting  machine,  is  also  a  great 
improvement,  as  it  cheapens  the  cost  of  the  machines,  simplifies 
the  arrangement  of  foundation  and  driving  gear,  occupies  less 
room,  requires  less  power  to  drive,  and  consumes  less  oil,  Sec. 

I  am  justified  in  sayiEg  that  before  long  I  expect  to  be  able  to 
announce  that  the  candle  will  last  three  hours  instead  of  two; 
and  as  thej  will  be  sold  at  the  same  price,  an  important  and  real 
improvement  will  be  produced. 

Great  and  constant  improvements  have  also  been  made  in  J 
the  details  of  the  machinety,  plant,  &c.,  connected  with  tht 
Jablochkoff  system  of  electric  lighting.  These  improvements  ar 
constantly  being  made,  the  majority  of  them  too  unimportant  t 
be  made  the  subject  of  a  patent;  but,  taken  as  a  whole,  the; 
certainly  represent  a  respectable  amount  of  ingenuity,  and  haT 
contributed  in  a  large  proportion  to  make  the  question  of  electii 
lighting  what  it  now  is. 

I  should  not  omit  to  mention  that  the  gas  engine  has  been 
powerful  auxiliary  to  the  question  of  electric  lighting,  and  its  lU 
is  spreading  at  a  very  great  pace. 

At  the  time  when  the  question  of  lighting  a  portion  of  ti 
Thames    Embankment   was   first  mooted,    a   great    controvers] 
degenerating  in  a  paper  war,   took  place  respecting  what 
and  what  could  not  be  done. 

According  to  some,  the  idea  of  lighting  a  frontage  of  gboi 
1,200  yards  from  one  centre  was  preposterous,  as  it  was  a  well 
known  fact  that  a  light  could  not  be  maintained  with  i 
alternating  current  at  a  distance  of  more  than  a  couple 
hundred  yards.  According  to  some  others  (I  must  confess  th 
they  are  gas  engineers),  who  went  to  the  trouble  and  expense 
publishing  a  pamphlet  to  prove  it,  for  certain  reasons,  not  1« 
than  1,700  stations,  requiring  1,700  engine  drivers  and  1,700  ti 
horse. power  gas  engines,  would  he  required  to  light  only  i 
streets  of  London,  and  I  naturally  shrink  from  telling  at  wh 
rightful  expenses  this  result  was  to  be  obtained.  Others  jh 
dieted  that   all  the  current   ■would  be  lost  if  any  attempt  "9 
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made  at  dividing  it,  and  there  would  conf^equently  be  no  light, 
&c.,  &c. 

Since  that  time,  however,  and  notwithstanding  these  by  no 
means  mild  and  friendly  criticism.':,  the  following  facts  have  been 
prored : — 

That  80  JablochkofT  electric  lights  could  be  maintained  with  a 
20  horse-power  portable  engine,  an  experiment  which  I  carried 
out  Monday,  the  22nd  inst. 

That  a  fronti^e  of  more  than  two  and  a  half  miles  of  electric 
lights  (the  diBtance  from  the  first  lamp  at  Blackfriard  Bridge  to 
the  lust  lamp  at  Victoria  Station)  can  be  maintained  from  one 
centre  at  Charing  Cross. 

And  to  persons  who  had  their  doubts  about  the  possibility  of 
keeping  alight  the  last  lamp  at  Westminster,  which  ia  about  700 
yards  from  the  centre,  it  has  been  proved  that  a  circuit  of  five  lights 
could  be  maint-ained  on  a  length  of  wire  equal  to  seven  miles  (an 
esperiment  which  I  carried  out  on  the  2nd  and  4th  of  March  by 
connecting  together  the  two  circuits  used  for  lighting  Victoria 
Station  from  Charing  Cross),  or  a  radius  of  three  and  a  half  miles. 
This  experiment,  as  well  as  those  which  I  have  made  from  time  to 
time,  increasing  the  distance  gradually  every  time,  have  all  been 
carried  out  with  the  same  size  of  conducting  cable,  viz.,  a  strand 
of  seven  wires  of  No.  18  B.W.G. 

A  circle  of  three  and  a  half  miles  radius,  traced  on  the  map  of 
London  from  Charing  Cross  as  a  centre,  will  give  an  idea  of  the 
immense  area  which  could  actually  be  lighted,  if  necessary,  from 
one  centre. 

Further  progresses  are  in  store  ;  the  apparatus  connected  with 
electric  lighting  is  daily  improving  and  becoming  cheaper  as  its 
use  is  progressively  growing  in  importance ;  new  discoveries  and 
inventions  are  constantly  being  made  and  published ;  and  sup- 
posing that  we  take  it  for  granted  that  the  question  of  electric 
lighting  will  not  progress  more  rapidly  than  the  other  great 
discoveries  and  inventions  of  this  century,  one  may  fairly  expect 
tliat  it  will,  within  a  very  reasonable  time,  as  surely  become  of 
general  and  everyday  use,  as  it  has  (as  I  think  I  have  been  able 
to  establish  in  these  short  notes)  now  passed  the  peno4  oi  ei^Tv.- 
mentAtiofl  and  entered  on  a  period  of  practical  and  Aiexi^crisi.'vfflft. 
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Mr.  3.  Maokeszie,  in  deacribiog  the  principle  of  bis  lamp — a 
specimen  being  on  tbe  table — said :  The  carbons  are  placed  point 
to  point  one  over  the  other.  Tiie  upper  carbon  is  held  in  a  tube 
by  3,  cam  which  is  fixed  on  a  le-ser.  At  the  end  of  the  lever  the 
iper  of  an  electro-magnet  is  fixed  by  a  rod.  This  keeper  is 
attracted  while  the  current  is  flowing,  and  tbe  arc  is  maintained 
at  its  proper  length,  but  if  the  carbons  are  consumed  so  thatDo 
arc  is  produced,  or  the  current  becomes  too  weak,  then  the  circuit 
is  broken,  the  keeper  is  released,  which  allows  the  upper  carboc 
to  fall,  producing  contact.  Then  the  current  again  flows  and  the 
upper  carbon  is  held  in  position  by  the  attraction  of  tbe  keeper  to 
the  electro- magnet  which  moves  tbe  lever  and  cam  holding  the 
carbon.  This  arrangement  produces  a  jump  in  the  light  about 
every  15  or  20  minutes,  according  to  the  consumption  of  thi 
carbon,  but  the  jump  is  very  quick  and  hardly  noticeable. 

The  lower  carbon  is  pushed  up  by  a  spiral  spring,  to  wbichli 
attached  a  ratchet  chain  and  escapement.  The  magnet  wbid 
moves  the  upper  carbon  holder  also  moves  this  ratchet,  and  ti 
lower  carbon  is  slightly  lifted  upwards  as  the  upper  carbon  com 
down. 

Such  an  arraugement  permits  of  long  carbons  being  used,  ai 
the  lamp  now  exhibited  has   been  aliglit  for   half  an  hour  tM 
evening,  giving  about  1,600  candle-power.     The  lamp  baa  also 
several  occasions  been  burning  for  an  hour  and  a  half  in  a  lanten 
over  our  gateway, 

Charles  F.  Heikhiohs; — I  have  to-night  a  current  supplied  4 
my  lamp  more  suitable  to  the  ca.rbons  than  the  current  I  conld  a 

J  of  in  the  last  meeting,  therefore  you  see  the  lamp'successfuU 
burning.  The  principle  of  my  lamp  differs  from  that  of  all  laxHi 
previously  used,  and  from  thoso  exhibited  and  shown  here  to.nigfil 
In  1813  Sir  Humphrey  Davy  used  in  his  electric  lamp  two  straigj 
carbon  pencils  vertically  placed  above  each  other,  and  since  thl 
time  two  or  more  straight  carbon  pencila  vertically  placed  abo^ 
each  other  have  been  used  with  lamp  mechanisms,  differing  mcS 
or  less  from  one  another.  Now,  in  my  lamp  tbe  carbon  pencils  a 
made  into  a  circular  shape,  and  tbe  mechanism  which  separatt 
and  feeds  the  carbons  are  quite  novel  and  efi'ectivo.     The  cir 
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of  the  carbon  pencils  has  many  advantagea,  wbile  the 
omptoyment  of  straight  carbon  pencils  has  many  disadvantages. 
The  lamp  I  have  here  on  the  table  is  an  improved  Serrin  lamp,  in 
which  straight  carbons  are  employed,  and  where  you  can  see  the 
diradvantages  of  the  class  of  lamps  where  straight  carbons  ore 
employed.  The  rack  which  guides  the  carbons  must  be  somewhat 
longer  than  the  carbons,  which  will  not  allow  a  great  length  of 
carbon  to  be  employed.  The  rack  is  in  gearing  with  the  regulatiug 
mechanism  into  which  it  carries  the  dust  of  the  carbon,  and  thus 
causes  irregularities  and  stoppages.  Such  a  lamp  cannot  be  made 
to  burn  eafely  for  a  longer  period  than  six  hours,  and  then  its  size 
will  be  twice  or  three  times  as  large  as  a  lamp  of  my  construction, 
luvii^  a  burning  time  of  eighteen  hours.  In  the  lamp  which 
burns  above  me  two  semicircular  caTbon  pencils  are  employed,  and 
make  nearly  a  full  ring  of  12  inch  diameter,  which  gives  a  length 
of  36  inches  carbon,  and  which  will  burn  for  a  period  of  12  hours. 
In  a  new  modification  which  I  hope  to  show  you  in  a  short  time  I 
can  employ  nearly  two  rings  of  V2  inch  diameter  in  the  same 
space  as  the  lamp  occupies  you  see  burning,  which  thus  will  increase 
the  burning  time  up  to  20  hours.  I  can  easily  construct  lamps 
that  will  burn  up  to  30  hours  or  more.  The  arm  which  guides 
these  lengths  of  carbon  will  only  be  6  inches  long ;  no  dust  will  be 
carried  into  the  lamp  mechanism  in  my  lamp,  and  thus  the  greatest 
source  of  stoppages  is  overcome. 

The  regularity  of  the  consumption  of  the  carbons  depends  upon 
its  density.  The  straight  carbon  pencils  are  made  in  the  following 
maimer,  viz.,  the  prepared  carbon  mass  is  pressed  through  the 
discharge  passage  of  a  cylinder  by  a  piston,  and  by  this  process  the 
density  of  the  pencils  cannot  be  uniform,  because  the  first  end 
forced  out  cannot  have  the  same  density  as  the  latter  end  when 
there  is  less  mass  under  the  pressure  of  the  piston.  Now  my 
carbons,  which  are  made  firstly  in  a  ring,  I  afterwards  submit  in 
cinnilar  dies  to  an  equal  pressure  all  round,  and  thus  the  density 
of  the  carbon  is  equal  at  all  parts.  Vertically  placed  carbons 
consume  three  inches  per  hour,  while  my  circular  carbons  burn  at 
the  rat«  of  two  and  a  half  inches  per  hour ;  this  difference  is  due 
to  the  position  of  the  carbons  in   the  arc.     la  TeiticaXV'^  ■^■MLei. 
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carbons  the  arc  wastes  tlie  upper  carbon,  while  the  feed  of  the 
circular  carbon  ia  horizontal  to  the  arc,  and  therefore  no  waate  of 
the  carbons.  I  hope  shortly  to  improve  the  carbons  and  to  bring 
out  more  lamps,  using  the  circular  carbons. 

Mr.  KiLLlNGWOETH  HEDGES,  while  thanking  Mr.  Alexander 
Siemens  for  hU  paper,  would  like  to  ask  him  if  the  comparative 
figures  of  cost  in  the  case  of  the  Blackpool  lighting  include  only 
the  supposed  value  of  a  gas  illumination  of  equal  power  to  the 
electric  light,  or  the  actual  cost  of  the  gas  disused !  It  seemed  to 
him  when  at  Blackpool,  shortly  after  the  lights  had  been  started, 
that  if  gas  burnt  in  improved  burners  had  been  used,  a  better 
effect  than  that  from  the  electric  lamps  would  have  been  produced 
at  a  less  cost.  The  system  adopted  of  fixing  a  strong  electric 
light  on  the  top  of  a  high  pole  was  certainly  more  economical  J 
than  that  of  having  a  number  of  lights,  as  on  the  Thamotfl 
Embankment.  With  these  light  centres,  as  at  Blackpool,  however,  | 
the  dark  spaces  between  the  lamps  were  very  noticeable,  and 
immediately  under  each  light  the  effect  was  too  powerful.  Mr. 
Hedges  had  noticed  this  effect  more  or  less  in  all  instances  of 
street  lighting  by  electricity.  Standing  at  the  junction  of  the 
Avenue  de  I'Opera  with  the  Eue  4me  Septembre,  in  Paris,  the 
difference  of  the  lighting  between  the  former  street  by  electricity 
and  tlie  latter  by  gas  was  most  remarkable. 

Mr.  A.  Siemens  in  his  paper  did  not  mention  any  improve- 
ments  in   the   electric  light   with    reference   to   the   colour   and 
frequent  hissing.     Both  these  points  are  most  important,  and  bave 
been  mentioned  to  him  frequently  as  strong  reasons  against  the 
advancement  of  the  Hght  with  the  general  public.     The  hissing  ia 
very  objectionable,  and  the  blue  colour  often  produced  with  strong 
lights  causes  the  ghastly  effect  complained  of  by  the  ladies.     In 
the  lamps  in  use  here,  Mr.  Crompton  appeared  to  have  got  over 
these  difficulties  to  a  largo  extent.     Mr.  Hedges  thought  that  the 
best  way  to  use  the  light  was  by  reflection — that  is,  throwing  tliril 
rays  upwards  on  to  a  luminous  ceiling,  and  thus  dispersing  then^fl 
This  mode  of  lighting  had  been  successfully  applied  in  the  Ficta|fl 
Gallery,  Liverpool,  where   the   whole   of  the   light  was   throff^B 
upwards,  fl 
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He  found  that  by  introducing  certain  metallic  substances  into 
the  composition  of  the  carbons,  or  by  coating  them  afterwards,  the 
effect  of  the  violet  chemical  rays  could  be  almost  entirely 
annulled.  The  pure  white  colour  of  the  electric  light  is  thought 
to  be  cold  by  persons  who  have  been  accustomed  to  gas  for  a  long 
time,  and  are  not  ready  to  adapt  themselves  to  a  new  light  of  a 
different  colour.  He  thought  that  by  slightly  colouring  the 
electric  light,  this  objection  would  be  gradually  overcome,  and 
after  a  time  the  perfected  pure  white  light  would  be  accepted. 

Mr.  Hedges  spoke  of  experiments  made  with  different  materials 
in  connection  with  a  new  simple  form  of  electric  lamp,  which  he 


described.  It  consists  of  two  tubes  or  troughs  A  A,  inclined  at 
such  an  angle  that  the  carbons  B  placed  therein  fall  by  their  own 
gravity,  until  they  meet  at  the  circular  block  C,  which  is  composed 
of  a  refractory  material.    The  troughs  are  insulated  one  from  the 
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otlier,  and  one  is  arranged  to  move  sideways  when  acted  upon 
the  electro-magnet  D.  The  other  trough  can  also  be  moved 
slightly  for  adjustment.  The  electric  current  passes  down 
trough  A,  through  the  electrodes  B,  then  round  an  electro-ma; 
which  separates  the  carbons  aod  produces  the  arc.  Some  difficull 
at  first  wa3  found  in  getting  a  material  for  0  to  stand  the  inteni 
heat  and  diflintegrating  action.  Magnesia  and  lime  give  the  ba 
results,  and  largely  increase  the  light;  hut  to  avoid  disintegratioo 
it  is  necessary  to  give  0  a  slow  rotary  movement.  With  the  lim 
block  there  is  an  absence  of  the  blue  effect  complained  of,  smal 
particles  of  limo  probably  being  consumed  and  changing  th 
colour.  An  esperimental  lamp  was  shown,  adapted  to  fix  again! 
a  wall  for  factory  lighting,  three  of  which  lamps  could  be  worked 
from  one  continuous  current  machine  of  the  ordinary  type.  Th8 
cost  of  this  form  of  lamp  was  stated  to  be  one-quarter  of  that  of 
the  Serrin  type. 

Mr.  H.  F.  JoEL:  Before  explaining  the  recent  improvements 
in  Mr.  Werdepnann's  lamp,  I  am  desired  by  Mr.  Werdermaaa  to 
express  his  regret  at  not  being  able  to  he  present  to  personally  I 
explain  the  improvements.  ' 

Mr.  A.  Siemens  stated  that  the  only  improvement  in  the 
Werdermann  light  was  the  stihatitution  of  a  copper  disc  for  the 
one  of  carbon.  I  hope  to  convince  you  that  this  is  only  one  of 
the  minor  details  of  the  improvements  in  Mr.  Werdermann's 
system  of  electric  lighting.  The  whole  result  of  these  improve, 
ments  has  been  that  whereaa  formerly  with  a  quantity. current 
machine  we  could  only  get  320  candle-power  per  horse-power,  we 
can  now  get  750  candle-power,  or  over  100  per  cent. 

The  original  Werdermann  light  is  shown  by  the  following 
sketch. 

Fig.  1  shows  a  side  elevation.  The  clamp  or  ring  b  carries 
the  carbon  disc  a,  which  is  iix.ed  in  it  hy  the  screw  s,  this  forms 
the  top  electrode;  the  carbon  pencil  e  is  pressed  upwards  against 
the  disc  a  by  a  weight  (as  is  well  known).  The  contact  between 
the  pencil  or  rod  e  and  the  copper  nipples  g  <j  \s  made  by  means 
of  the  spring  and  screw  I  V  and  the  separate  copper  block  ^ 
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[fonuiog  part  of  the  nipple).  The  tensioii  put  on  thii«  epriug  I 
regulated  the  upper  pressure  of  the  carbon  rod  and  the  cootact 
nipples. 


SWr   ELE¥ATimi 

Iq  practice  it  was  found  imposmble  to  bum  these  lamps  in 
series  with  au  iutenMty  current,  because  the  spring  would  cauEe 
the  carbons  to  stick,  thus  preventing  several  lamps  being  joined 
iuto  one  circuit. 

The  improvement  oa  this  anangement  was  as  below  ?— 


PLAM  OF  ro^ 


SIDE  ELCKinoH 

_  Fig.  2  shows  a  sectional  side  elevation,  and  Fig.  3  a  plan  of 
the  top.  The  clamp  or  ring  6,  which  carries  the  copper  disc  a, 
is  supported  exoentrically  on  pivots  or  spindles  6*,  fitted  in  a  hori- 
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zontal  arm  extending  from  the  rod  or  bar  c.  The  esceatricity 
the  copper  disc  is  such  that  its  weight  just  preponderates  on  the 
side  with  which  it  is  in  contact  with  the  carbon  rod  e.  The 
spring  I  13  filed  on  the  ring  or  clamp  b  of  the  disc  a,  and  beara 
against  a  piece  of  insulating  material  on  the  movable  half  of  the 
copper  nipples  g'.  When  the  carbon  pencil  is  nearly  all  burned, 
the  spring  I  rests  against  the  projecting  piece  in,  and  bo  short 
circuits  the  lamp. 

This  arrangement  of  automatic  regulator  allows  the  carbon 
pencil  a  free  upward  motion,  and  there  is  no  risk  of  breakdown, 
and  tbe  lamps  can  by  it  be  all  joined  in  one  circuit  and  worked 
by  an  ordinary  dynamo-magoetic  machine  such  as  the  small 
A  Gramme,  the  current  obtained 
from  which  machine  being  suf- 
ficient iu  quantity  and  electro- 
motive force  to  keep  ten  good 
lights  burning  of  about  200  candle- 
power  each.  And  further,  an 
automatic  short  circuiting  contact 
(shown  in  the  sketch)  is  fitted 
the  lamps.  By  this  arrangeme 
when  the  carbon  pencil  in  tha 
lamp  is  burned  out,  a  short  ciicutb 
spring  comes  into  play,  and  ailo" 
the  current  to  pass  on  to  othei 
lamps  without  causing  breakdown.^ 
In  Paris,  lamps  constructed  on 
this  principle,  and  of  the  accom* 
panying  form,  are  used,  and  experi- 
ments  made  by  Mr.  Werdermand 
with  intensity  machines  of  eith^ 
the  Gramme  or  Siemens  type  she 
that  each  lamp  gives  a  %ht  t 
750  candles  per  horse-power, 
result  which  was  verified  by  one  < 
the  French  Government  officials. 
One  of  the  improvements  I  have  made  does  away  with  tl 


1880,]  DISCUSSION  ON  MB.  SIEMENS'  PAPEB.  151 

trouble  of  making  connections ;  the  act  of  fixing  the  lamp  in  a 
clamp  makes  the  double  connection. 

Another  of  my  improvements  is  an  arrangement  for  putting 
the  carbons  in  a  tube  or  sheath  from  the  lower  end,  avoidincr  the 
necessity  of  removing  the  globe  to  supply  new  carbons. 

Another  improvement  is  in  the  arrangement  of  the  resistance 
of  the  lamp,  which  I  found  by  experiment  with  14  mm.  carbons, 
18  inches  long,  to  be  when  not  burning  39  ohms,  and  when 
burning  16  ohms;  this  lowering  of  resistance  having  a  most 
important  influence  upon  the  economy  of  this  light. 

The  last  improvement  I  would  mention  is  the  introduction  of 
graphite  nipples  in  the  copper  contacts.  It  was  found  that  the 
copper  contacts  after  a  little  time  became  clogged ;  this  is  not  the 
case  with  graphite. 

These  are  the  recent  improvements  made  in  the  Werdermann 
electric  light  system,  and  they  have  made  his  lamp  much  more 
perfect  and  capable  of  being  easily  attended  to  and  understood. 

Professor  Ayeton  :  Will  you  kindly  explain  how  you  deter- 
mined the  resistance  of  the  arc  ?  It  is  rather  a  difficult  thing  to 
determine  the  resistance  of  an  electromotor  possessing  an  electro- 
motive force  which  varies  according  to  the  current  used. 

Mr.  Joel  :  It  was  determined  by  the  method  of  substitution. 
Ten  lamps  were  taken,  and  by  turning  nine  of  them  out  it  was 
found  that  the  tenth  remained  constant;  and  so  on  taking  any 
other  of  the  lamps  in  circuit  and  turning  the  remainder  out,  the 
same  constant  was  observed.  That  seemed  the  most  practical  way 
of  testing  it  exactly. 

Mr.  S.  E.  Phillips,  Jun.,  described  Mr.  J.  A.  Brockie's  lamp, 
and  said  he  considered  this  lamp  quite  a  new  departure  in  electric 
lighting,  since  the  regulation  was  not  brought  about  by  alterations 
in  the  strengi^h  of  the  main  current,  but  was  performed  at  definite 
prearranged  periods,  by  means  of  a  branch  circuit  and  a  simple 
commutator  which  interrupted  the  current  at  regular  intervals. 
The  positive  or  upper  carbon  is  attached  to  a  metal  rod  passing 
through  a  sudden-grip  clutch,  which  may  also  be  the  keeper  of 
Hxe  electro-magnet.    When  the  current  passes  through  the  lampj 

VOL.  IX.  M  . 


IB  DiaCUSSlOK  ON  MK.  SIEMENS'  PAPEE,  [Mar,  24tli, 

the  small  ptation  going  througli  the  ahunt  circuit,  formed  by  the 
electro-maguet  and  commutator  with  the  necet 
sary  wire  connections,  acts  on  the  clutch  and 
strikoB  the  arc.      At  any  prearranged  period, 
for  instance  every  minute,  the  current  passing 
through  the  electro -magnet  is  interrupted,  the 
j     positive  carbon-holder  is  released,  and  the  two 
I     carbons  fall   together — to   be  again  instantly 
]     separated,  as  the  current  is  only  interrupted 
1^^  for  the  shortest  possible  period.     This  acti<fli, 
I     Tvhich  takes  place  with   great   certainty   and 
j     regularity,    does  not   produce   any   noticeable 
j     blink  in  the  light,  nor  does  it  cause  any  spark- 
I     ing  at  the  commutator  of  the  dynamo. machine. 
j     The  great  advantage   of  this  lamp  is  its  ex- 
j     treme  simplicity ;  also  that  they  can  be  burnt 
I     in   series.     One  of  Siemens'   small  machineB 
i     recently  worked  two  of  these  lamps  in  series, 
I     producing  a  perfect  arc  in  each. 
j  Mr.  CONKAD  W.  Cooke  said  that  although 

the  electric  arc  was  discovered  seventy  yean 
J|k\*^yy  ago  it  had  lain  dormant  to  within  a  recent 

"tJcdhkutatiih  period.  This  was  because  no  inducement,  in 
the  shape  of  public  interest,  which  was  always 
accompanied  by  remuneration  in  case  a  remedy  was  supplied, 
had  been  held  out  for  inventors  to  apply  their  genius  to  adapt 
ing  the  light  for  useful  purposes.  When  the  public  interested 
itself  in  the  subject,  the  patent  ofGce  was  soon  inundated  with 
electric  lighting  specifications.  Electric  engineers  were  indebtsd 
to  the  Soci^te  Gencrale  for  bringing  together  the  exhibition  of 
60  or  70  different  kinds  of  lamps,  and  demonstrating  the  prae. 
tieability  of  street  lighting  in  Paris,  at  a  time  when  univerBal  ] 
representatives  of  all  classes  were  congregated  in  that  city. 
The  improvements  in  the  Jablocbkoff  system,  made  by  Mr. 
Eerly,  were  of  the  greatest  importance,  as  they  enabled  a  large 
radius  to  be  illuminated  by  power  developed  at  a  given  centre. 
For  instance,  the  twenty  horse-power  engine  at  Charing  Cross 
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supplied  currents  to  Victoria  Station  and  the  whole  of  the  Thames 
Embankment,  a  distance  of  three  and  ahalf  miles,  and  such  a  radius 
represented  an  area  of  forty  square  miles.  The  Lontin  system  was 
une  of  the  earliest  introduced  in  this  country,  hut  had  made  little 
progress,  except  its  employment  on  the  Metropolitan  Kaiiway;  and 
the  Rapie£f,  too,  though  ushered  in  with  influential  patronage  had 
not  been  used  outside  the  Times  office,  where  it  had  given  great 
satisfaction,  and  where  its  use  had  been  extended  to  a  greater  field 
than  it  was  at  first  employed  in.  He  was  sorry  that  Mr.  Siemens 
had  not  dealt  with  the  subject  more  generally  in  his  paper,  and  he 
also  regretted  that  tbe  Brush  system  bad  not  been  exhibited,  as 
for  this  system  he  predicted  a  great  future.  The  Werdermann 
light  stood  in  an  intermediate  position  between  the  arc  and  incan- 
descent lights,  as  from  the  fineness  of  the  carbon  incandescence 
was  produced,  while  at  the  same  time  it  could  not  be  possible  for 
such  a  thin  carbon  to  cany  the  whole  of  the  current,  and  an  arc 
was  produced.  On  esami nation  of  a  Werdermann  lamp  with  a  dark 
glass  be  had  noticed  a  discharge  going  on  round  the  carbon.  This 
lijjht  was  very  steady  and  was  much  appreciated  in  Paris,  and  had 
recently  been  adopted  by  the  Kensington  Museum  authorities.  In 
Mr.  Crompton's  lamp  the  question  of  regulating  the  arc  waa 
practically  solved,  while  in  the  Siemens'  pendulum  arrangement 
he  considered  too  great  an  interval  occurred  between  the  feeds. 

Mr.  LadD  :  As  regards  the  "Brush"  light,  I  would  say  the  only 
reason  that  has  retarded  its  progress  has  been  the  necessary  delay 
in  the  formation  of  a  company.  The  Board  of  Directors  was 
only  completed  this  day,  consisting  of  well-established  business 
gentlemen  who  will  push  the  matter  forward,  and  the  Brush  light 
will  soon  appear  more  publicly  than  it  has  hitherto  done.  An 
improvement  has  been  made  in  the  lamp,  which  now  bums 
perfectly  steady,  as  anyone  will  see  on  paying  a  visit  to  the 
Liverpool  Street  Station,  where  the  improved  lamps  have  been 
burning  since  Monday  last. 

By  the  Brush  light  system  the  carbons  cannot  separate  beyond 

a  certain  limit,  which  is  about  2  mm.      We  have  Brush  lamps 

that  will  bum  16  hours  without  attention.      The  sum  total  of 

;bt  varies  but  very  little  as  the  number  o!  lamps  ia  uniteaaa^ 
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or  dimiDiebed ;  if  16  lamps  are  in  circuit,  and  4  or  5  additional 
ones  are  switched  into  circuit,  the  carbons  approach  a  trifle  c\<mi 
together,  aud  the  light  of  each  lamp  is  a  little  dimioiabed.  But 
if  4  or  5  of  the  16  are  taken  out — which  can  readily  be  done, 
without  breaking  the  circuit. — an  instant  separation  of  the  carboLS 
takes  place,  giving  increased  illuminating  power  to  each  lamp, 
all  the  lamps  being  equally  affected. 

There  are  16  lamps  of  this  system  now  in  use  at  Liverpool 
Street  Station,  10  at  Messrs.  Peak,  Frean  &  Co.'a  Biscuit  Works, 
and  16  are  burning  at  Messrs.  Crossley's  Works,  Halifax;  all 
giving  complete  satisfaction.  Eight  will  be  brought  into  operaUtm 
directly  at  South  Kensington  Museum,  and  many  orders  are  in 
hand. 

We  have  not  pressed  the  Brush  system  on  the  public  by 
demonstration ;  having  entire  confidence  in  it  ourselves,  we 
preferred  to  let  it  assert  its  own  claims  to  public  approval. 

Ae  regards  the  candle-power,  I  measured  one  of  16  lights 
myself  with  a  Bunsen  photometer,  and  found  that  it  was  971 
candles ;  the  measurement  was  taken  on  a  level  with  the  light. 
The  carbons  were  adjusted  in  a  line  with  each  other,  so  as  to  give 
equal  light  all  round.  This  is  not  the  way  in  which  the  candle- 
power  is  always  measured,  acd  it  would  hardly  be  the  juat  way, 
because  in  single-current  machines  the  top  carbon  is  very  much 
the  hottest,  and  there  is  a  great  deal  more  light,  which  (as  every 
one  knows  who  has  had  to  do  with  single-current  machines)  is 
thrown  down ;  and  thus,  at  an  angle  of  about  45°,  those  16  lamps 
would  each  measure  2,000  candle-power,  and  I  will  vouch  for  that 
as  being  a  fair  estimate  of  the  light.  The  same  result  has  been 
arrived  at  by  independent  meo.  The  whole  16  lamps  would, 
therefore,  give  32,000  candle-power.  The  machine  is  worked  by  ' 
an  8  horse-power  engine,  indicating  14  horse-power,  made  by 
Wallis  &  Stevens,  which  works  steadily,  and  keeps  a  steady  actioQ 
on  the  machine.  Up  to  the  present  time,  the  trial  at  Liverpool 
Street  Station  has  the  drawback  of  the  gas  being  used  at  the  same 
time.  Now,  gas  and  electricity  do  not  do  together ;  and  I  have 
such  confidence  in  the  electric  light,  that  if  I  had  the  authority  to 
do  so,  I  would  say  either  turn  out  your  gas  or  I  will  turn  out 
the  electric  light. 
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The  coat  is  about  Jd.  per  hour  per  lamp,  each  lamp  consuming 
about  1  i  inches  of  carbon  per  hour,  including  waste. 

Mr.  CaOMPTON:  As  I  have  to  pass  through  Liverpool  Street 
Station  very  frequently  in  an  evening,  on  my  way  to  and  from  my 
works,  I  can  testify  to  the  exceUent  character  of  the  installation 
of  the  Brush  electric  light  used  there.  I  do  not  hesitate  to  say 
that  it  has  agreeably  surprised  me  to  see  so  many  (16)  lamps 
burning  steadily  on  one  circuit.  I  shall  watch  with  much  interest 
the  comparison  of  the  economical  results  of  this  installation  as 
compared  with  one  that  1  am  connected  with — viz.,  at  St.  Enoch's 
Station,  Glasgow — where  a  large  space  is  lighted  by  six  large 
lights,  on  sis  separate  circuits,  each  having  its  own  Gramme 
machine. 

I  must  apologize  for  the  bad  behanour  of  my  own  lamps 
during  this  evening ;  I  have  never  seen  any  one  of  my  lamps  bum 
BO  badly  before.  I  must  account  for  it  by  the  hurry  in  which  I 
had  to  get  the  tackle  together :  the  machines  borrowed  from  one 
place,  the  engine  from  another.  I  had  no  time  to  properly  speed 
the  engine  to  the  machines,  or  regulate  the  lamps.  I  must  state 
that  I  borrowed  one  of  the  lamps  from  a  foundry  where  it  has 
burned  310  hours,  and  has  never  been  observed  to  wink  or  flicker 
perceptibly,  when  burning  on  its  own  circuit. 

In  answer  to  the  gentleman  who  asked  how  I  obtain  such  a 
white  light,  I  account  for  it  by  the  shortness  of  the  arc  I  bum. 
When  the  arc  is  short,  the  major  part  of  the  light  comes  from  the 
incandescent  positive  carbon,  and  these  rays  are  intensely  white. 
A  longer  arc  gives  more  arc  rays,  and  these  arc  rays  are  rich  in 
violet  and  purple  rays. 

If  I  wished  to  provide  an  arc  light  for  reading  purposes,  I 
should  provide  a  dynamo- machine,  with  the  bobbins  wound  so  as 
to  give  low  internal  resistance ;  with  the  current  from  such  a 
machine,  I  could  burn  an  exceedingly  short  arc,  without  noise, 
and  without  dam;^e  to  the  machine  by  heating  of  the  bobbin. 

One  gentleman  haa  called  my  lamps  highly -finished,  expensive 
lamps,  for  special  uses.  This  is  not  the  case.  All  those  I  have 
hitherto  made  have  been  for  the  roughest  use  amongst  contractors 
and  for  factories,  to  which  class  of  installation  I  have  hitherto 
coofiued  myself. 
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I  have  not  succeeded,  nor  do  I  think  has  iSr.  Siemens,  in 
producing  a  perfectly  satisfactory  arc  light,  for  lightiag  reading 
Toome.  The  slight  variations  of  intensity  (independent  of  nn- 
steadinesa  or  flickering)  are  very  trying  to  persons  who  have  weak 
sight,  and  I  am  told  that  the  light  in  the  British  Museum  will 
never  become  thoroughly  popular  until  this  defect  is  remedied. 

Mr.  J.  N.  Shoolbehd  said  that,  notwithstanding  the  manj 
and  very  ingenious  improvements  made  by  Messrs.  Siemens  during 
the  past  two  years  in  the  various  apparatus  for  the  production  of 
the  electric  light,  the  largest  share  of  the  ameliorated  condition 
and  steadiness  of  the  lighting  as  now  effected  by  them  would 
appear  to  be  due,  not  so  much  to  improvements  in  the  lamps  as 
to  that  of  the  machines.  Especially,  where  several  of  the  latter 
are  used,  to  the  intercommunication  established  between  them, 
and  to  the  use  of  an  esciter,  common  to  them  all.  This  arrange- 
ment being,  in  fact,  an  approach  in  some  sort  to  that  adopted 
among  the  several  parts  of  alternate-current  machines;  where  ilu 
several  parts  are  treated  somewhat  as  the  parts  or  elements  of  ft 
chemical  battery. 

Undoubtedly,  as  stated  by  Mr.  A.  Siemens,  and  also  by  Ml 
Cooke,  the  electric  lamp  is  at  present  far  more  open  to  improve- 
ment than  is  the  generating  machine.  Still,  apart  from  the 
marked  progress  made  by  the  very  ingenious  forms  of  lamp 
described  in  the  paper,  a  very  notable  step  in  advance  had  been 
gained  in  those  of  Brush,  of  Werdermann,  of  Reynier,  and  of 
Andre.  For  these  had  solved,  for  continuous-current  machines,  the 
problem  of  the  maintenance  of  a  number  of  lights  on  one  circnit; 
an  advantage  which  so  far,  in  practice  at  least,  had  been  connected 
only  with  alternate. current  machines.  These  lamps  had  therefore 
caused  the  term  "  single -light  machines,"  as  applied  hitherto  to 
continuous -current  ones,  such  as  the  Siemens  and  the  Gramme, 
to  become  an  obsolete  expression. 

The  labours  of  Mr,  Crompton  and  of  Mr.  Heinricks,  with  lamps 
for  a  larger  class  of  lights,  afforded  also  a  decided  improvement, 
and  in  the  direction  where  apparently  most  needed :  simplification, 
and  diminution  of  the  weight  to  be  set  in  motion. 

Mr.  Andrews  had  brought  before  the  meeting  two  forms  of 
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burner,  with  contimioiis  currents,  which  bore  some  analogy  to  two 
forms  of  "candle"  used  in  France  with  alternate  currents.  The 
plate  lamp  of  Mr.  Andrews,  with  its  intermediate  plate,  insulated 
and  placed  in  between  the  other  two,  resembles  a  number  of 
De  Meriten's  candles  placed  alongside  of  each  other ;  auch  as  were 
shown  by  Professor  Tyndall,  F.R.S.,  in  his  lecture  on  the  Electric 
Light,  given  at  the  Royal  Institution  in  January,  1S79,  In  this 
form  of  candle,  one  and  Bometimes  two  intermediate  and  insulated 
Bticts  of  carbon  occur  between  the  electrodes ;  thus  breaking  up 
the  otherwise  rather  long  voltaic  arc  into  others  of  lesser  dimen. 
siooa,  by  means  of  the  induced  poles  caused  at  the  intermediate 
carbons. 

In  describing  his  disc  lamp,  Mr.  Andrews  spoke  of  the  rotation 
of  the  flame  round  the  outer  edge  of  the  horizontal  disc.  There 
is  in  this  lamp  a  spiral,  placed  vertically  at  a  short  distance  above 
the  disc ;  and  probably  this  rotation  of  the  flame  may  be  in 
response  to  the  circulation  of  the  current  round  the  coils  of  the 
spiral.  The  possibility  of  thus  inducing  a  direction  to  the  flame, 
as  demonstrated  by  Dr.  Moneel,  has  been  token  advantage  of  in 
the  design  of  the  "  Jamiu ' '  candle.  In  this  form  of  burner,  the 
carrent,  after  leaving  one  of  the  elactrodes,  is  made  to  circulate 
four  or  five  times  vertically  in  the  plane  which  is  common  to  the 
two  electrodes.  The  desired  effect  is,  to  cause  steadiness  in 
maintaining  the  voltaic  arc  at  the  extremity  of  the  carbon  rods. 
This  burner  in  its  early  form  had  both  carbons  fixed;  like  a 
Jablochkoff  candle,  without  the  interveiung  insulating  substance. 
At  present,  a  small  amount  of  play  is  allowed  to  one  of  the  carbon 
rods.  A  spring  causes  this  to  fall  against  its  fellow,  when  no 
current  ia  passing;  thus  providing  the  contact  necessary  for 
lighting.  While,  when  the  current  is  passing  through  the  spiral 
wires,  a  small  armature,  fixed  on  the  sheath  of  the  encircling- coils 
of  the  circuit-wire  just  referred  to,  is  attracted  to  them,  and  in  so 
doing  forces  away  the  carbon  just  referred  to  by  means  of  a  small 
book  projecting  from  it,  and  so  eSecta  the  necessary  separation.  A 
rack  and  pinion  urges,  either  upward  or  doivnward,  the  holder 
which  contains  both  carbons ;  thus  allowing  a  considerable  length 
of  carbon  rod  to  be  used,  and  at:  the  same  time  retaining  the 
laminous  point  at  the  same  level. 
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Iq  Mr.  Andre's  lanip,  the  addition  of  the  water-joint  socket  to 
the  glass  vessel  enclosiDg  the  light  will  prove  useful  in  rooms,  anil 
other  places  where  this  moderate -sized  light  ia  likely  to  be  used, 
even  in  cases  where  a  complete  vacuum  is  not  an  absolute 
necessity.  For  it  has  been  shown  by  the  researches  of  Mr.  F.  J. 
Evans,  of  the  Gas  Light  and  Coke  Co.,  and  also  by  those  of 
Professor  Dewar,  F.K.S,,  that  the  amount  of  nitrous  acid  given  off, 
as  well  as  the  consumption  of  the  carbon,  may  be  varied  almost 
at  will,  according  to  the  draught  of  fresh  air  which  is  pennitted 
to  have  access  to  the  light.  The  results  of  the  former  gentle- ' 
raau'B  experiments,  with  a  Siemens  small-sized  machine  and  lamp 
to  correspond,  showed  that  iu  an  hour's  burning  there  could  be 
given  off  from  one  and  a  half  to  five  grains  of  nitrous  acid,  and 
from  98  to  178  grains  of  carbonic  acid,  according  to  the  amount 
of  air  allowed ;  while  Professor  Dewar,  with  a  similar  machine 
and  lamp,  caused  the  amount  of  nitrous  acid  to  vary  from  one  W 
eight  grains  during  the  same  period  of  burning. 

With  the  financial  results  given  at  the  end  of  the  paper,  the 
writer  is  unable  to  agree.  Too  much  stress  is  laid  upon  the 
absolute  amount  of  light  produced  at  a  given  centre.  Tlie 
commercial  problem  is  not,  how  much  light  can  be  produced  for 
so  much  money,  but  how  much  upace  can  be  illuminated  at  that 
cost.  If  the  latter  test  were  applied  to  the  three  examples  of 
illumination  given  irt  the  paper,  even  allowing  a  somewhat 
higher  standard  of  lighting  than  that  generally  in  use,  the  results 
would  probably  difier  from  those  given  in  the  paper.  The  use  of 
electricity  as  an  illuminant  implies  a  more  generous  standard  of 
lighting  than  has  hitherto  been  the  case  with  the  ordinary  gas 
burner,  though  perhaps  not  necessarily  so  high  a  one  as  would  be 
provided  within  a  moderate  distance  of  the  light  produced  from  a 
"medium"  Siemens  machine,  The  desire  on  the  part  of  the 
public  for  n.  more  abundant  standard  of  illumination  than  hitherto, 
is  shown  by  the  very  extended  application  which  is  being  given 
to  Sugg's  new  gas  lamps,  o£  one  hundred  and  even  of  two  hundreil 
candle-power.  They  are  thus  proving  themselves  excellent  fore- 
runners for  the  general  adoption  of  electric  lighting. 

Mr,  Babeett,  of  the  British  Museum,  stated  that  the  figure- 
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of  cost  given  by  Mr.  Siemens  were  the  actual  amounts  expended, 
and  further  remarked  that  the  light  had  given  every  satisfaction 
since  its  first  introduction,  and  that  if  the  lights  were  turned  on 
during  daylight  the  students  did  not  notice  when  daylight  passed 
away. 

Mr.  A.  SrKMBNS,  in  reply  to  the  remarks  on  hia  paper,  said: 
I  have  had  some  difficulty  in  making  my  paper  to  everyhody's 
liking.  Some  people  blame  me  for  not  mentioning  other  makers' 
inventions  at  all,  and  some  for  mentioning  their  improvements, 
but  not  doing  them  justice.  Anticipating  some  such  feelings,  I 
resolved  in  getting  out  my  paper  to  describe  only  those  improve- 
ments which  had  been  introduced  by  Messrs.  Siemens,  with  which 
I  was  familiar,  and  did  not  intend  the  paper  to  be  comprehensive. 
I  am  pleased  to  hear  of  the  success  of  the  Jablochkoff  light,  and 
to  have  heard  it  acknowledged  during  the  d^cussion  that  the 
Socicte  Gtinerale  has  really  made  the  first  important  practical 
application  of  electric  lighting,  and,  by  thas  drawing  the  attention 
of  the  general  public  to  the  matter,  have  pi'omoted  the  cause  of 
electric  lighting.  The  only  part  of  Mr.  Berly's  letter,  perhaps, 
that  1  can  take  exception  to,  is  that  which  says  that  the  original 
20  horse-power  engine  at  Charing  Cross  has  not  been  changed. 
This  is  stating  the  nominal  power  of  the  eagine,  whereas  com- 
parisons can  only  be  made  when  the  indicated  power  is  given. 

In  reply  to  Mr.  Hedges,  whether  the  coat  of  the  actual  gas 
replaced  at  Blackpool  by  the  six  electric  lights  was  given,  I  say, 
certainly  not ;  because  the  four  lights  along  the  promenade  there 
light  up  a  length  of  about  a  thousand  yards,  which  is  ordinarily 
lighted  by  40  gas  burners,  at  a  cost  of  about  lOd.  per  hour — the 
four  lights  costing  between  4s.  and  5a.  per  hour.  Mr.  Hedges  also 
i  of  the  dark  spots.     It  is  true  that  these  do  exist,  and 

i  from  the  fact  that  when  the  lights  were  erected,  the  exact 
ice  covered  by  a  single  lamp  at  such  a  height  had  not  been 
pertained.  To  do  away  with  the  dark  spaces,  additional  lamps 
1  be  fixed  when  the  electric  lighting  is  resumed. 

The  white  colour  is  produced,  as  stated  by  Mr.  Crompton,  by 
liming  a  very  small  arc. 

The  improvemente  in  Mr.  Werdermaun's  lamps  that  ba're  b^ftM 
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pointed  oat  are  very  great,  and  have  produced  a  remarkably  high 
candle-power  per  horse-power  expended  for  an  incandescent  light, 
being  700  gainst  50,  which  I  read  in  a  German  newspaper  lU 
being  the  power  obtained  in  an  Edison  lamp. 

The  electric  light  at  present  can  only  supersede  gas,  in  poi 
of  economy,  when  used  in  laige  spaces,  and  the  87  per  cent,  gain 
over  gas  can  only  be  effected  where  a  light  of  6,000  candle-power 
.  really  wanted— as,  for  instance,  in  the  Albert  Hall.  In  Measre. 
Siemens*  works,  two  electric  lights  costing  3d.  per  hour  have 
superseded  30  gas  lights  costing  64  per  hour.  The  machines  are 
driven  from  the  general  shaft,  and  are  attended  to  by  the  boys  in 
the  shop,  so  that  there  is  no  charge  for  power  or  attendance,  the 
only  charge  being  for  oil  and  carbons,  amounting  to  3d.  per  hotu. 
In  all  cases,  except  where  a  powerful  light  is  required  in  a  large 
space,  it  is  my  opinion  that  gas  must  remain  the  illuminating 
agent  for  some  time  to  come. 

As  to  the  method  of  measuring  the  candle-power  adopted  by 
Messrs.  Siemens,  to  whiob  Mr.  Ladd  alluded,  I  may  say  that  ever 
since  the  report  of  the  Trinity  Board  was  published,  Messrs. 
Siemens  h.'vve  always  measured  their  lights  in  a  horizontal  direc- 
tion, as  Mr,  Ladd  states  is  done  with  the  Brush  light. 

The  President  :  Gentlemen, — I  am  quite  sure  that  we 
all  deeply  indebted  to  Mr.  Alexander  Siemens  for  his  paper,  and 
for  the  enjoyable  discussion  which  it  has  produced. 

As  regards  the  ground  covered  by  the  paper,  I  am  bound  t» 
say  that  before  it  was  even  written,  Mr.  Siemens  objected  very 
strongly  to  making  a  public  exhibition,  in  fear  of  failure  tbrou^ 
want  of  preparation  and  trial ;  and  it  was  only  at  my  stroD| 
personal  request  that  the  exhibition  we  have  had  was  displayed, 

The  history  of  the  progress  of  the  electric  light,  up  to  the 
present  time,  has  not  been  a  very  brilliant  one.  It  has  not  made 
a  very  remarkable  advance  during  the  past  twelve  years ;  never- 
theless, the  advance  has  been  such  that  the  British  Museum,  Tima 
office,  and  many  other  places  have  decided  to  permanently  adopt> 
the  electric  light,  and  therefore  its  permanent  success  is  secured. 

The  evidence  before  us,  hoVever,  has  shown  that  there  ia  stilll 
vast  room  for  improvement.     Lamps  will  blink  and  lampe  wiSI 
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wink,  for  which  various  excuses  are  made:  sometimes  it  ia  bad 
carbon,  and  sometimes  it  is  the  poor  unfortunate  engine,  that  does 
flot  get  half  enough  credit  given  to  it,  Tlie  engine  is  scarcely 
ever  spoken  of;  but  my  impression  is  that  one,  if  not  the  greatest 
of  the  successes  of  the  many  applications  of  the  electric  light  to 
public  purposes  is  due  to  the  engines  as  much  as  to  the  lamps ; 
and  though  the  lighting  to-night  has  not  been  a  success,  I  cannot 
think  it  ie  due  to  the  engine. 

There  is  great  room  for  improvement  in  the  electric  light,  and 
plenty  of  scope  on  which  the  members  of  the  Society  can  turn 
their  energy  during  the  next  twelve  months  to  improve  the  carbon 
or  lamp ;  the  Siemens  and  Gramme  machines  are  as  near  perfect 
as  may  be.  Opinion  in  favour  of  either  of  these  machinee  over 
the  other  is  about  equally  divided;  and  Dr.  Hopkinson  having 
proved  that  90  per  cent,  of  the  speed  is  utilised,  it  is  quite  evident 
that  there  is  no  room  for  improvement  left,  even  for  inventors  on 
the  other  side  of  the  Atlantic. 

"We  hear  a  good  deal  at  times  of  the  comparative  cost  of  the 
electric  light  and  of  gas.  Properly  speaking,  the  two  lights  are 
not  to  be  compared.  Some  say — Here  is  a  light  of  6,000  candle- 
power  at  3d.  an  hour :  if  it  were  produced  by  gas,  it  would  coBt 
£3  an  hour.  Such  a  statement  reminds  me  of  Mr.  Dick's  reply 
to  the  statement  that  "  his  room  ■was  not  big  enough  to  swing  a 
cat  in,"^he  said,  "I  don't  want  to  swing  a  cat,  I  never  do 
swing  a  cat."  So  with  an  electric  light  of  high  power.  It  is  not 
wanted  in  a  place  where  small  light  power  is  required.  And  I 
agree  vrith  Mr,  Shoolbred,  that  the  amount  of  space  illuminated 
is  the  proper  measure  of  the  value  of  the  illuminator.  When  a 
definite  basis  or  system  can  be  arrived  at  by  which  it  can  be  said 
that  gas  will  illuminate  say  400  square  feet  at  so  much  per  hour, 
and  the  electric  light  will  illuminate  the  same  space  at  so  much 
per  hour,  then  it  will  be  possible  to  make  a  fair  comparison 
between  gas  and  electricity, 

I  find  that,  as  far  back  as  1861,  Faraday  said:  "And  this 
ipyes  one  a  strange  sensation  as  to  what  may  be  going  on  in  a  gas 
tne  or  a  fire.  Let  us  hope  that  some  day  we  may  transfer  this 
igbt  and  beat,  and  all  their  other  powers,  to  a  distance,  and  use 
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them  at  pleasure ;  laying  on.  Dot  gas,  but  the  powers  of  the  gas  or 
oil,  and  so  having  a  lamp  more  wonderful  than  Aladdin's." 

Gentlemen, — We  have  a  lamp  more  wonderful  than  Aladdin's 
in  many  respects,  for  neither  he  nor  anyone  else  ever  succeeded, 
until  the  present  generation,  in  producing  after  all  a  light  that 
is  superior  to  daylight. 

As  to  the  term  "  candle-power,"  used  for  calculating  the  value 
of  the  electric  light,  I  can  only  say  that  the  electric  profession 
generally  would  be  very  grateful  if  the  term  could  be  got  rid  of 
altogether.  It  is  a  nasty  word,  and  of  none  too  definite  a  meaning. 
Some  scientific  term,  based  on  the  amount  of  space  illuminated, 
ia  desirable ;  and  if  the  two  gentlemen  present  (Professors  Ayrton 
and  Perry)  who  have  produced  a  capital  new  photometer,  will 
turn  their  attention  to  the  proper  designation  of  this  unit  of  light 
measurement,  we  shall  all  be  relieved  of  a  term  which  now  we 
cannot  understand. 

The  Meeting  then  adjourned  imtil  Wednesday,  April  14th. 
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The  £ighty-seve&th  Ordinary  Qeneral  Meeting  of  the  Society  was 
held  on  Wednesday  evening,  April  14th,  1880,  at  the  Institn- 
tion  of  Civil  Engineers,  '25,  Great  George  Street,  WeatmiiiBter 
— Mr,  W.  H.  Peeece,  President,  in  the  chair. 

The  minutes  of  last  meeting  were  read,  and  the  names  of  new 
candidates  announced. 

The  Pbesident  :  Last  meeting  I  announced  the  fact  that  Dr. 
Siemens,  F.K.S.,  had  very  kindly  promised  us  a  paper  on  the 
recent  advances  made  by  him  in  the  practical  application  of  the 
dynamo-machine  to  the  fusion  of  metals,  and  for  promoting  vegeta- 
tion. Dr.  Siemens  has  requested  me  to  postpone  fixing  a  date  for 
the  paper  for  a  week  or  so,  as,  by  then,  he  will  have  made  further 
eiperiments,  and  will  be  able  to  bring  the  completed  results  before 
this  Society  up  to  the  latest  date.  I  hope  to  announce  the  actual 
date  next  meeting. 

The  Secretaby  then  read  the  following  paper — 


[OTE  ON  SOME  EFFECTS  PRODUCED  BY  THE, 
IMMERSION  OF  STEEL  AND  IRON  WIRES  IN 
ACIDULATED  WATEE.^ 

By  Professor  D,  E.  Hughes,  Member. 

During  a  discussion  upon  a  very  interesting  Paper  by  oiir 
President,  "On  the  Durability  of  some  Iron  Wire,"  I  mentioned 
a  fact  which  I  had  lately  observed,  and  -which  must  have  been 

*  Sitce  the  reading  of  this  paper  two  verj  valuable  coammnications  on  this 
siilijeot  have  been  lironght  to  the  autJior's  notice, entitled  "On  the  Influence  of 
Acidi  on  Iron  and  Steel,"  by  William  H.  Johnson,  B.  Sc,  (Manchester  Liiarary 
and  Philosophical  Maga/iine,  Marolj  187*);  "  On  the  Action  of  Hydrogen  and  Aoida 
on  Iron  and  Steel,"  by  the  sajne  author  (Fraceedings  of  the  Royai  Sodebj,  Nu.  158, 
1S75). 

These  papers  clearly  show  that  iron  and  steel  are  rendered  brittle  hy  acids, 
■nd  that  iti  teztUe  strength  is  alao  afiecied. 

'  Mr,  W.  H.  Johnson's  researches  were  partially  anticipated  by  M.  Cailletet, 
Who,  in  1868  {C*'mptei  Rendas,  Vol.  LXVI.,  Mo.  18,  p.  847)  describes  the  action 
of  acids  on  iron  and  steel,  their  absorption  of  hydrogen,  and  their  brittleness 
in  coiueqaence. 
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observed  by  many  oOi^re,  viz.,  that  steel  or  iron  wires  immersed 
for  a  few  minutes  in  acidulated  water,  containing  xa*^  sulphnric 
acid,  became  excessively  brittle. 

Our  President  has  since  kindly  asked  me  to  make  a  few  more 
experiments  on  this  subject,  and  to  embody  them  in  the  form  of 
the  present  Note. 

Upon  repetition  of  these  experiments,  I  have  found  that  thie 
brittleness  is  no  mere  accidental  result,  due  to  some  flaw  in  the 
Hteel  or  iron  wires,  but  that  the  resulting  brittleness  is  invariable 
in  all  kinds  of  steel  as  well  as  iron.  Nor  is  the  effect  due  to  any 
specific  proportions  of  sulphuric  acid  to  the  water  :  nor,  in  fact,  as 
we  shall  see  later,  to  any  particular  acid.  The  effects,  however, 
seem  confined  to  steel  and  iron  ;  aa  by  similar  treatment  I  have  as 
yet  obtained  no  perceptible  effect  on  copper  or  brass. 

At  first  I  was  inclined  to  believe  that  the  effects  were  due 
primarily  to  a  change  in  the  molecular  structure,  but  a  moie 
extended  series  of  experiments  has  led  me  to  adopt  entirely  the 
view  taken  by  my  friend  Mr.  W.  Chandler  Eoberte,  who  pointed 
out  that  the  effects  were  moat  probably  due  to  the  absorption  of 
hydr(^en. 

I  have  tested  these  wires  in  my  Induction  Balance,  but  can  find 
no  change  whatever  in  their  magnetic  conductivity,  nor  any  change  J 
which  would  be  the  equivalent  of  those  produced  by  heat,  8train,.r 
torsion,  or  tempering  ;  but  there  are  very  evident  results  produced^! 
if  the  conditions  of  the  experiments  are  such  as  to  favour  t 
absorption  of  hydrogen.     For  instance,  if  we  reduce  the  proport 
of  sulphuric  acid  to  ^'j,  we  find  that  it  requires  some  30  minates*  ' 
immersion  to  produce  the  full  effect,  a  few  minutes'  immersion 
producing  no  perceptible  result.    If  now,  we  place  an  amalgamated 
zinc  plate  in  the  same  liquid,  and  join  the  two  extremities,  we  have 
an  ordinary  battery  where  hydrogen  is  given  off  on  the  steel  vrire. 
Now,  as  the  production  of  the  hydrogen  by  the  decomposition  of  the 
water  is  much  more  rapid  than  before,  we  find  that  a  few  minutea'd 
immersion  produces  a  far  more  brittle  wire  than  could  be  obta 
by  hours  of  simple  immersion,  and  we  have  the  result  free  frot 
any  doubt  as  to  its  being  a  mere  surface  action,,  for,  if  we  ij 
the  wire  alone,  surface   corrosion  rapidly  takes  place,    bat  ] 
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simply  cciimecting  it  with  the  zinc  the  steel  is  perfectly  protected, 
retaiDing  its  original  bright  aurface,  for  any  time,  as  loDg  as  it  is 
so  protected. 

It  is  not  absolutely  necessary  that  we  should  join  the  zinc  in 
the  same  cell,  for,  if  we  pass  a  current  from  a  few  cella  of  an 
external  battery  through  two  steel  wires  as  electrodes  in  sulphuric 
acid  and  water,  we  find  that  both  wires  have  become  brittle, 
though  in  a  very  different  degree,  the  wire  connected  with  the 
rinc  or  negative  pole  remaining  bright,  although  excessively 
brittle,  whilst  the  one  connected  with  the  positive  pole  is  much 
corroded,  and  but  feebly  brittle,  with  this  arrangement.  I  find 
that  sulphuric  acid  is  no  longer  required,  but  that  all  acids,  neutral 
salts,  and  ordinary  water,  produce  an  active  effect,  the  time 
required  being  simply  inversely  as  the  conductivity  of  the  liquids 
employed.  When  water  or  most  neutral  salts  are  used,  we  find  the 
negative  pole  quite  bright  but  brittle,  and  the  positive  pole  much 
corroded,  but  not  at  all  changed  as  regards  its  Sesibility. 

I  believe  that  these  effects  are  due  to  the  absorption  of  hydrogen 
when  the  hydrogen  is  in  the  "  nascent "  state,  for  I  have  obtained  no 
results  by  the  continued  immersion  of  the  wire  in  carburetted  hydro- 
gen gas  (ordinary  lighting  gas),  but  when  plunged  into  a  medium 
containing  the  hydrogen  just  freed  from  its  combination,  its  effects 
a.re  most  remarkable :  ibr,  if  we  immerse  a  wire  into  sulphuric  acid 
and  water,  say  j'^,  the  effects  are  slow,  requirmg  at  least  30 
minutes ;  but  if  we  let  fall  into  this  water  some  scraps  of  zinc, 
hydrogen  is  rapidly  given  out,  and  by  now  immersing  the  steel 
wire  in  this  gaseous  liquid,  taking  care  not  to  touch  the  zinc,  we 
find  that  the  steel  becomes  rapidly  brittle,  whilst  its  surface  is  free 
from  corrosion,  due  no  doubt  to  the  protecting  surface  of  the  sur- 
rounding hydrogen. 

Hydrogen  seems  to  permeate  through  the  entire  mass,  for  iron 
rods  i  inch  thick  were  equally  affected,  requiring  more  time,  or  in 
other  words,  a  supply  of  nascent  hydrogen  sufiicient  for  the  loiter 
mass ;  and  once  the  wire  has  becora.e  hydrogenised  (if  we  may  be 
allowed  the  expression),  it  retains  it  under  all  circumstances  of 
time  and  change  of  surrounding  atmosphere  :  heat  alone,  of  all  the 
means  I  have  tried,  has  any  power  in  remoYing  tti\a  eS^iA.',  wA''^ 
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we  heat  a  wire  to  cherry.red  in  a  spirit  lamp,  we  find  that  it  is 
completely  restored  to  its  primitive  flexibility  in  a  few  secocde. 
This  same  wire,  however,  on  being  immersed  in  the  acidulated 
water,  rapidly  becomes  again  brittle ;  we  may  thus  at  will  render 
the  same  wire  flexible  by  previoiisly  heating  it,  or  render  it  ei- 
ceedingly  brittle  by  favouring  its  absorption  of  hydrogen. 

I  have  remarked  that  a  wire  immersed  in  sulphuric  acid  and 
water  in  any  proportion,  say  ^  V^b,  becomes  more  electro- negative^ 
than  at  the  first  instant  of  plunging.  If  we  take  amalgamated 
as  the  positive  element,  and  a  steel  or  iron  rod  or  wire  for  negativi 
we  find  that  there  is  such  a  remarkable  similarity  of  electro-motii 
force  between  all  kinds  of  steel  and  iron,  that  we  are  forced 
the  conclusion  that  we  are  simply  testing  the  electro- negatii 
qualities  of  bydrogenised  iron  ;  the  force  being  with  amalgai 
zinc  '56  volt. 

I  noticed  here  a  remarkable  fact,  and  which  does  not 
with  the  results  of  many  authorities.  I  found  that  as  soon  j 
iron  rod  had  absorbed  its  maximum  of  hydrogen  (a  few  se 
after  being  short  circuited),  that  it  produced  a  constant  cell,  gi' 
but  small  traces  of  polarization  when  or  after  being  short  circuit* 
for  hours  at  a  time.  There  occurs,  however,  a  slight  diminuti( 
of  electro- motive  force  after  a  few  days'  hard  work,  being  then  '52, 
due  to  the  acidulated  water  becoming  more  neutral  by  the  forma- 
tion of  sulphate  of  zinc  and  iron.  If,  however,  we  wish  to  restore 
its  full  electro-motive  force,  we  have  only  to  short  circuit  the  cell 
for  a  few  seconds,  torrents  of  hydrogen  will  be  given  off,  and  its 
electro-motive  force  becomes,  on  testing,  of  its  highest  value,  '56. 

If  we  short  circuit  the  bydrogenised  iron  cell  for  one  minute, 
and  at  once  test  its  electro.motive  force,  we  shall  find  at  the  first 
instant  a  certain  amount  of  polarization,  about  10  per  cent.,  but  the 
cell  rapidly  recovers,  being  at  its  full  initial  force  in  ten  setonds' 
repose  ;  whilst  cells  with  carbon,  platinum,  and  all  other  negatives 
yet  tried,  did  not  recover  their  polarization  in  one  minute's  repose. 

Taking  the  Smee  battery  as  the  best  example  of  depolarization 
in  a  single  liquid,  and  comparing  the  constancy  of  this  cell  with 
that  of  the  bydrogenised  iron,  I  find,  that  according  to  Mr.  Latimi 
Clark's   experiments,  in   hie    work   on   electrical   measurement 
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iat  the  electro-motive  force  of  a  Smee  cell  is  1-017,  but  wLen  in 
action  only  '446.  Thua  its  electro-motive  force  in  action  is  less 
than  that  of  the  iron  cell,  and  its  polarization  some  five  times 
greater  than  that  of  iron. 

I  have  submitted  these  results  (rather  hastily  obtained)  to  our 
President.,  Mr.  W.  H.  Preece,  and  he  has  kindly  consented  to  have 
some  exact  measurements  made  of  the  electro-motive  force  of 
hyJrogenised  iron,  and  its  comparative  freedom  from  polarization 
with  all  other  metals  employed  as  negative  elements  in  a  single 
liquid  cell,  and  I  hope  this  evening  we  shall  hear  the  results. 

A  practical  application  of  iron  as  a  negative  may  be  mentioned. 
If  we  wish  to  purify  mercury  from  any  zinc,  or  any  metal  less 
negative  than  iron,  we  have  only  to  place  the  mercury  in  dilute 
adphuric  acid,  and  then  introduce  an  iron  rod  so  that  its  lower 
[jortion  shall  make  contact  with  the  mercury,  hydrogen  is  now 
freely  and  constantly  given  off  by  the  iron,  and  this  continues  until 
all  traces  of  zinc  have  disappeared  ;  and  as  a  proof  of  this,  if  after 
acertain  time,  when  no  hydrogen  is  given  off,  we  simply  touch  the 
mercury  with  zinc  for  an  instant,  the  hydrogen  at  once  reappears, 
and  continues  until  this  Hiuall  portion  of  dissolved  zinc  has  been 
separated  from  the  mercury. 

Iq  order  to  render  evident  the  remarkable  depolarizing  power 
of  iron,  we  use  in  the  same  cell  several  negatives,  such  as  carbon, 
platinum,  silver,  copper,  and  iron ;  and  if  we  test  these  negatives 
separately  for  its  initial  electro-motive  force,  we  shall  find  them 
all  superior  to  iron;  but  if  we  join  all  the  negatives  together,  and 
short  circuit  the  whole  with  the  zinc,  iron  alone  will  freely  give  off 
its  hydrogen,  whilst  carbon  will  appear  to  be  entirely  inert,  and  if 
afier  this  short  circuiting  we  insulate  or  separate  the  different 
negatives,  we  shall  find  on  testing  them  that  they  are  all  polarized, 
carbon  being  the  most  so,  and  iron  comparatively  quite  free,  and 
giving  at  the  moment  of  insulation  the  highest  electro-motive 
force. 

In  conclusion  I  may  add,  that  if  hydrogen  seems  to  be  an 
enemy  of  iron  and  steel,  rendering  it  brittle,  on  the  other  hand, 
it  is  perhaps  its  best  friend  in  rendering  it  more  negative,  and 
whilst  under  its  entire  influence,  completely  preserving  it  from 
Qudaiion  or  rust. 
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The  President:  Before  inviting  discussion  od  Professor  Hughes' 
paper  I  will  ask  Mr.  Chandler  Roberts  to  communicate  a  few 
remarks  on  the  same  subject,  whicli  lie  has  kindly  offered  to  make. 

Mr.  Chandler  Roberts:  Professor  Hughes'  observatioai 
interested  me  very  much,  as  they  remind  me  of  experiments  I 
made  more  than  ten  years  ago,  in  conjunction  with  the  late  Mr. 
Graham,  which  showed  that  nearly  all  meta'.a  absorbed  gases  to  a 
greater  or  less  extent ;  each  metal  seeming  to  select  its  own  pecn- 
liar  gas,  palladium,  for  instance,  occluding  no  less  than  900 
its  volume  of  hydrogen.  The  method  consisted  in  heating  a  metftl 
in  an  atmosphere  of  the  gas  in  which  it  was  allowed  to 
other  cases  hydrogen,  evolved  by  the  action  of  a  battery, 
allowed  to  act  on  the  raetal  under  examination,  and  its  pow' 
absorption  was  measured  by  subsequently  extracting  the  gas 
heating  the  raetal  in  vacuo.  On  the  table  I  have  the  orij 
apparatus  by  which  certain  of  the  experiments  were  made, 
consists  of  a  long  glass  tube  containing  acidulated  water  in 
two  palladium  wires  are  immersed,  and  which  are  in  conni 
with  the  cells  of  a  battery.  When  contact  with  the  battel 
made  oxygen  is  given  off  in  the  glass  tube  from  the  one  wire 
hydrogen  is  absorbed  by  the  other  wire,  and  the  absorpti< 
hydrogen  will  manifest  itself  by  a  falling  of  the  long  index  atti 
to  the  glass  tube,  caused  by  linear  expansion  of  the  wire. 

When  Professor  Hughes  told  me  of  the  facts  he  relates  in  his 
paper  it  occurred  to  me  that  the  wires  occluded  hydrogen  much  in 
the  same  way  as  palladium  does,  and  by  experiment  I  found  that 
on  heating  the  steel  wires  in  vacuo  it  is  possible  to  rei 
them  at  least  ten  times  their  volume  of  hydrogen,  the  latter  being 
quite  pure  and  not  contamina,ted  with  hydro-carbons,  provided  care 
is  taken  to  extract  any  natural  gaa  occluded  by  the  wire  during 
the  metallurgical  process  involved  in  the  manufacture.  (Tlia 
palladium  wires  in  the  glass  tube  were  connected  with  the  battery, 
and  the  pointer  soon  began  to  fall,)  The  falling  of  the  index  i< 
caused  by  the  expansion  of  tbe  wire  which  absorbs  hydrogen ;  aw, 
on  reversing  the  battery  the  pointer  moves  upward  by  the  contrary  I 
action  taking  place,  I  have  not  yet  established  the  fact  of  a  change 
in  volume  of  steel  wires  800  mm.  long  when  hydrogen  eitln' 
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eaters  or  leaves  them,  but  it  is,  of  course,  possible  to  measure  any 
change  of  volume  wbich  the  metal  may  sustain  by  the  removal 
of  the  occluded  gas.* 

The  absorption  of  hydrogen  by  iron  has  also  been  noticed  by 
M.  Cailletet,  who  showed  that  thin  plates  of  iron  are  penetrated 
by  the  gas,  alihongh  the  effect  may  liave  been  partly  due  to  the 
penetration  of  the  dilute  acid  in  which  the  metal  was  placed. 

The  Peesident:  I  am  sure  -we  are  very  much  indebted  tp 
Mr.  Chandler  Roberts  for  favouring  us  with  the  remarks  he  has 
made.  I  would  like  to  ask  him  whether  be  can  tell  us  that  the 
absoq}tioii  of  hydrogen  which  he  hsis  proved  to  take  place  in  the 
ease  of  iron  can  be  adduced  as  the  cause  of  the  brittleness  shown 
by  Professor  Hughes  to  exist. 

Mr,  Chandlee  Roberts  :  Professor  Abel  can  perhaps  better 
answer  the  question.  It  ia,  no  doubt,  a  fact  that  iron  becomes 
crystalline  after  it  has  occluded  the  gas:  and  ifc  seems  to  me 
possible  that  while  the  hydrogen  is  entering,  the  iron  may  take 
a  mean  advantage  of  the  opportunity  of  rearrangiog  its  particles, 
tbe  result  being  the  remarkable  brittleness  to  which  Professor 
Hughes  has  called  attention. 

Professor  Abel,  C.B.  :  I  must  confess  to  ignorance  upon  the 
question  raised.  Professor  Hughes'  observations  have  escited 
much  interest  in  my  mind,  and  their  having  only  recently  been 
made  is  a  striking  illustration  of  the  blindness  of  workers.  I 
myself  was  engaged  years  ago,  making  a  number  of  experiments 
on  the  immersion  of  short  pieces  of  iron  and  steel  wire  in  dilute 
acids,  but  it  was  for  the  purpose  of  studying  the  structtiro  of  the 
Tires  as  bearing  upon  an  important  manufacturing  question, 
and  I  confess  that  the  particular  effects  ■which  Mr.  Hughes  has 
s  being  produced  by  such  immersion  escaped  my  notice 
I  would  like  to  ask  Mr,  Chandler  Roberts  if  he  has 
ired  the  volume  of  gas  which  he  was  enabled  to  separate 


•  The  fact  e«caped  my  memory  that  Mr.  W.  H,  Johnson  atated,  in  his 
lahle  paper  published  in  1876  (Proc.  Roy.  8bc.,  V"o!.  XXIH.,  p.  179)  that  he 

i  detected  a  very  imaU  change  in  the  length  of  annealed  iron  wire  as  the 

Dlt  of  the  occlusion  of  hydrogen. 
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from  the   iron   in   his   experiment  before   it  was    treated  ' 

hydrogen, 

Mr.  Chandleb  Robekts  :  The  amount  of  natural  gas  varies  I 
from  three  to  ten  times  a,  volume.  ■ 

Professor  ABEL:  One  would  hardly  imagine  that  the  brittleneas  I 
developed  in  the  metal  could  be  due  simply  to  the  absorption  of  ' 
the  additional  ten  volumes  of  gas. 

The  absorption  of  hydrogen  by  iron  and  steel  wires  is  very 
much  less  than  in  the  case  of  palladium,  where  it  amounts  to 
about  200  times  the  volume  of  the  metal.  It  appears  to  me  that 
we  can  only  conceive  that  the  change  in  the  physical  character  of 
the  metal  must  be  ascribable  to  some  such  action  as  hinted  at  by 
Mr.  Roberts,  i  e.,  some  kind  of  molecular  disturbance  of  the  iron 
by  the  entrance  of  the  gas  into  the  mass.  At  present,  we  are 
seeking  for  an  explanation  without  any  adequate  or  sound  founda- 
tion to  work  upon.  I  can  conceive  that  some  such  action  as 
suggested  may  take  place ;  we  have  instances  of  molecular  changes 
in  iron  itself,  which  may  he  brought  about  by  causes  which  must, 
I  think,  be  regarded  as  less  disturbing  in  their  character  than  tbis 
entrance  and  exit  of  gases  into  and  from  the  metal.  One  would 
like  to  heat  what  the  views  of  one  familiar  not  only  with  the 
scientific  but  also  with  practical  aspects  of  these  questions  are, 
I  know  of  no  one  more  competent  than  Mr,  Anderson  to  express 
an  opinion  on  the  cause  of  this  physical  peculiarity  of  iron,  and 
I  beg  that  the  question  may  be  transferred  to  him. 

The  President;  Before  discussing  the  matter  further,  I  may 
mention  that  Mr.  Stroh  has  made  some  experiments  with  wire 
that  may  assist  Mr.  Anderson  to  form  some  opinion;  therefore  I 
will  ask  Mr.  Stroh  to  kindly  relate  his  experiments. 

Mr.  Stroh  :  When  Professor  Hughes  first  brought  the  question 
before  the  Society,  I  felt  doubtful  as  to  how  far  the  brittleness 
penetrated  the  wire  after  immersion  in  acidulated  water.  I  took 
a  steel  wire  about  ^th  inch  thick,  and  found  that  brittleness  wis 
produced  after  immersion  in  dilute  sulphuric  acid  for  about  half 
a  minute.  I  filed  the  surface,  repolished  the  wire,  and  still  found 
it  to  be  brittle ;  and,  after  making  the  wire  much  thinner  by 
repeating  this  process,  the  brittleness  continued,  and  there  is  no 
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doubt  that  it  is  not  superficial,  but  penetrates  to  the  centre  of 
the  wire. 

I  was  anxious  also  to  find  out  other  evidences  of  change 
produced  by  similar  immeision,  but  was  unable  to  find  anything 
beyond  the  brittle ness. 

At  the  suggestion  of  our  worthy  President,  I  tried  experi- 
ments to  ascertain  the  tensile  strength  of  wire  after  immersion  in 
acidulated  water,  and  I  found  that  in  this  respect  wire  remained 
nnchanged  as  compared  with  its  natural  condition.  I  have  tried 
iron,  steel,  hard-drawn  wire,  and  annealed  wire,  but  in  all  cases 
the  ordinary  tensile  strength  remained  unaltered. 

Heating  restores  the  flexibility  of  wire  so  made  brittle ;  but, 
rf  course,  in  the  case  of  liard-drawn  wire,  the  hardness  is  destroyed 
also. 

Mr  ASDERSON:  When  the  President  invited  me  to  attend  this 
meeting  and  hear  what  Professor  Hughes  was  going  to  say  on  the 
occlusion  of  hydrogen  in  iron  and  steel  wire,  I  at  once  thought 
tliat  I  might  hear  of  something  to  noy  advantage,  because  I  have 
tbe  honour  of  presiding  over  the  Committee  of  Research  of  the 
Institution  of  Mechanical  Engineers  on  the  hardening  and  temper- 
iog  of  Bteel,  The  question  at  present  before  that  Committee  is 
the  explanation  of  the  hardening  and  tempering  of  steel ;  and  the 
llieory,  for  which  I  helieve  I  am  responsible,  but  which  I  think 
also  finds  favour  with  ray  colleagues,  is  that  it  is  due  to  the 
greater  or  less  quantity  of  hydrogen  contained  in  the  stee!  tending 
*ither  to  separate  the  particles  or  to  allow  them  approach  to 
more  closely  together.  The  experiments  Professor  Hughes  has 
described  confirm  this  theory,  and  show  that  the  excessive  occlu- 
sion of  gases  tends  to  separate  the  particles  to  such  an  extent  as 
lo  make  the  steel  more  brittle.  Tbe  application  of  heat  again 
erpels  the  gases,  and  allows  the  metal  to  return  to  its  normal 
state ;  but  if  suddenly  quenched,  so  as  to  prevent  the  gases 
re-entering  to  some  extent  before  the  steel  is  cool,  its  particles 
are  able  to  approach  closer  together,  and  therefore  become  more 
compact  and  render  the  steel  harder,  I  should  like  to  ask 
Professor  Hughes  whether,  in  the  brittleness  he  has  noticed  in 
steel,  he  has  found  its  hardness  increased  or  othei'wiae't 
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Professor  Hughes  :  I  have  not  been  able  to  verify  that  fact. 

The  President  ;  Mr.  Stroh  will  perhaps  answer. 

Mr.  Steoh  :  I  think  I  can  safely  say  that  the  hardness  of  tJ 
steel  is  not  affected  in  the  least  degree. 

Mr.  AndeesON  (continuing) :  When  a  theory  has  been  s 
it  is  important  to  become  acquainted  with  everything  in  the  way  I 
of  trustworthy  experiment  that  may  throw  light  on  the  subject, 
Professor  Hughes'  experiments  show  that  the  occlusion  of  hydrogen 
gas  tends  to  separate  the  particles  of  steel,  and  this  separation 
tends  to  reduce  their  cohesive  power,  according  to  the  well-known 
laws  of  attraction.  It  is  also  known  that  hard  steel  carries  a 
greater  strain  per  square  inch  than  the  same  steel  softened,  simply 
because  the  particles  are  very  close  together,  and  their  cohesive 
force  thereby  increased.  The  first  idea  of  this  theory  waa  sug- 
gested to  my  mind  by  Edison's  experiments  in  searching  for  a 
permanent  substance  for  his  electric  light  produced  by  the  incan- 
descence of  wire.  He  found  that  platinum  fell  to  pieces,  and 
propounded  the  theory  that  this  was  caused  by  the  escape  of 
occluded  gases  causing  cracks  in  the  platinum  and  gradually 
destroying  it.  Edison  argued  that  if,  by  repeatedly  heating  the 
platinum  in  vacuo,  he  could  get  all  the  gases  out,  he  would  then  , 
obtain  a  permanent  material.  He  appears  to  have  performed  the 
experiment,  and  arrived  at  the  result  that  an  exceedingly  hard 
and  permanent  substance  was  capable  of  being  produced. 

Professor  Abel  :  I  think  the  case  alluded  to  by  Mr.  Anderson 
does  not  quite  correspond  vfith  that  established  by  Professor 
Hughes'  experiments,  which  show  that  iron  wires  may  be  made 
brittle  and  restored  any  number  of  times ;  whereas  Edisoc's 
experiments  appear  to  have  soon  brought  platinum  to  a  state  of 
rest  as  regards  the  alteration  of  its  molecular  structure. 
Professor  Hughes  ;  Yes. 

Professor  Abel  (continuing)  :  Another  important  point  to  bear 
in  mind  is  that  the  increase  in  volume  of  gas  absorbed  is  only 
about  double  that  originally  existing  in  the  metal,  Mr.  Eoherts 
finds  about  10  volumes  of  gas  existing  ordinarily  in  malleable 
iron ;  the  maximum  volume  of  hydrogen  absorbed,  and  by  which 
that  gas  is  displaced,  is  therefore  only  double  that  original  volume. 
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Is  it  possible  that  the  absorption  of  this  additional  volumo  of  gas 
13  mifficiem  to  account  for  the  supposed  separation  of  the  molecules 
and  great  change  in  the  physical  qualities  of  the  metal  1 

It  appears  to  me  that  there  is  still  something  wanting  to 
Bzplain  the  great  change  which  the  metal  undergoes,  and  the 
tOBtoration  of  ita  original  properties  for  an  indefinite  number  of 
times. 

ProfeBBor  Hughes  :  During  my  experiments  I  continually  kept 
in  mind  the  theory  advanced  by  Mr.  Anderson,  and  aa  yet  have 
finmd  no  experimental  fact  which  could  support  it ;  on  the  con- 
Irary,  I  have  remarked  that  tempered  steel  occludes  hydrogen 
with  as  much  if  not  more  facility  than  soft  steel,  and  does  not 
become  soft  after  having  done  so.  I  have  not,  however,  made 
%  special  study  of  this  point,  but  will  do  so  at  the  earliest 
opportunity. 

The  action  discovered  is  very  peculiar  in  its  behaviour.  There 
b  no  doubt  that  steel  or  iron  ber^omes  excessively  brittle,  and 
bleaks  off  like  glass  and  appears  rotten,  that  it  can  be  restored 
by  heat  and  rendered  brittle  by  acid  many  times.  But  the  most 
carious  fact  is  that  if  we  take  a  wire,  when  brittle,  and  strain  it, 
a^cting  it  to  break  to  pieces,  it  is  almost  as  strong  as  before. 
This  surprised  me,  and  I  tested  the  strained  wire  for  brittleness, 
but  found  it  had  disappeared,  and  I  concluded  that  the  mere 
itrain  had  had  the  effect  of  excluding  the  hydrogen.  The  depar- 
ture of  the  hydrogen,  of  course,  cannot  be  witnessed,  but  in 
practice  the  strain  seems  to  rearrange  the  particles,  and  this 
molecular  rearrangement  seems  to  allow  the  hydrogen  to  escape. 

Professor  W.  Gkylls  Adams  :  The  experiments  which  have 
been  described  this  evening  in  Professor  Hughes'  paper  and  those 
by  Mr.  Roberts  all  show  tbat  the  increased  brittleness  of  iron  and 
steel  is  accompanied  by  an  expansion  of  the  iron  and  steel  rods. 
In  the  case  of  palladium  also,  the  occlusion  of  hydrogen  is  accom- 
panied by  an  expansion  of  the  rod  of  palladium.  In  these  cases, 
the  spaces  between  the  molecules  of  the  metal  would  seem  to 
become  occupied  with  occluded  gas  to  such  an  extent  that  those 
molecules  axe  driven  farther  asunder,  and  thus  the  force  of 
cohesion  between  them  is  diminished.     Mr.  Stxoh's  exueiimeata 
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point  in  the  same  direction,  and  show  that  the  separation  between 
the  molecules  is  not  confined  to  the  surface  of  the  rod,  but  takes 
place  throughout  the  whole  mass.  All  these  experiments  seem  to 
support  Mr.  Anderson's  theory  that  the  brittleness  is  due  to  the 
diminution  of  the  force  of  cohesion  arising  from  the  increased 
distance  of  the  molecules  from  one  another,  when  the  interspaces 
are  occupied  by  the  molecules  of  other  substances  such  as  occluded 
hydrogen.  Possibly,  some  facts  connected  with  the  melting  of 
metals  and  their  alloys  have  a  bearing  on  this  question.  Thel 
molecules  of  an  alloy  of  two  or  more  metals  are  more  readily  | 
separated  than  the  molecules  of  the  simple  metals,  as  shown  by 
the  fact  that  the  melting  point  of  an  alloy  is  lower  than  that  of 
the  metals ;  and  the  greater  the  number  of  metals  in  the  alloy, 
the  lower  is  its  melting  point.  In  this  case,  it  would  seem  that 
the  molecules  of  the  two  or  more  metals  scattered  throughout  the 
whole  mass,  and  bound  together  in  a  way  whici]  we  do  not  yet 
clearly  understand,  so  affect  the  mass  that  the  force  of  cohesion  of 
the  molecules  of  each  metal  is  diminished,  and  the  melting  point  I 
is  reached  sooner  in  the  case  of  alloys  than  in  the  case  of  the  solids  i 
of  which  they  are  made  up. 

Mr.  WiLLOUGHBY  SMITH :  In  the  early  days  of  submarine 
telegraphy,  the  joints  in  the  gutta  percha  covered  copper  con- 
ductor  were  made  with  silver  solder,  borax  being  used  as  a  flux. 
But  the  great  heat  necessary  to  make  such  a  joint  softened  the 
gutta  percha  for  a  considerable  distance  along  the  wire,  which 
made  the  process  of  recovering  the  conductor  with  gutta  percha 
difficult.  Consequently,  a  soft  solder,  with  chloride  of  zinc  as  a 
flux,  was  used;  but  if  the  chloride  of  zinc  was  not  properly 
prepared,  which  was  frequently  the  case,  the  free  acid  affected  the 
copper  to  such  an  extent  that  in  time  it  became  quite  rotten.  I 
therefore  am  surprised  to  find  that  Professor  Hughes  has  not 
included  copper  in  the  list  of  metals  mentioned  in  his  paper. 

The  joints  in  the  iron  strands  which  formed  the  covering  of 
the  1858  Atlantic  Cable  were  made  in  a  similar  way,  and  were 
affected  the  same  by  the  free  acid. 

Professor  Pebby  :  I  do  not  think  that  sufficient  notice  has  b-.^i 
•t^i^ken  of  the  result  of  Mr.  Stroh's  experiments,  that  the  strength 
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of  the  iron  was  not  diminished.  This  result  can  hardly  be  taken 
as  quite  certain,  since  it  requires  veiy  careful  experimenting  upon 
indeed;  but  if  it  is  the  fact,  it  is  very  difficult  to  see  how 
brittleness  can  be  explained  as  due  to  loss  of  cohesion,  from 
gas-separation  of  molecules,  whilst  the  tensile  strength  remains 
nnchaDged.  We  ought,  I  think,  to  discourage  vague  explanations 
of  this  kind.  The  same  thing  might  be  said  as  to  Professor 
Adams'  analogy  with  alloys.  I  think  it  is  the  fact  that  some 
alloys  are  much  stronger  than  their  components. 

Mr.  Chandleb  Bobebts  :  An  alloy  of  tin  and  copper  is  much 
stronger  than  either  of  the  substances  composing  it. 

Professor  Pbbby  (continuing)  :  As  we  have  so  much  chemical 
talent  here  to-night,  might  I  ask  whether  there  is  any  substance, 
a  conductor  of  electricity,  which  does  not  occlude  hydrogen? 
This  is  a  very  important  point  on  the  electrical  side  of  the  case, 
because  it  is  this  occlusion  of  hydrogen  in  polarization  experiments 
which  stops  Mr.  Ayrton  and  myself  in  our  investigation  of  the 
analogy  between  polarization  in  ordinary  dielectrics  and  that  in 
the  voltameter,  and  we  should  very  much  like  to  make  experi- 
ments  with  a  metal,  unlike  platinum,  which  does  not  absorb 
hydrogen. 

Mr.  Chandleb  Bobebts  :  So  far  as  I  remember^  silver  does 
not  occlude  hydrogen,  or  at  any  rate  not  in  quantities  exceeding 
two-tenths  of  the  volume  of  the  metal.  It  takes  up  about  four 
or  five  times  its  volume  of  oxygen,  but  I  think  not  hydrogen. 
Probably  the  brittleness  may  be  due  to  the  removal  of  dioxide 
of  copper,  a  certain  amount  of  which  is  necessary  to  the  ductility 
of  copper. 

The  Pbesident:  The  discussion  having  now  turned  upon 
polarization,  I  think  it  is  opportune  to  ask  Mr.  Kempe  to  favour 
^  with  the  results  of  some  experiments  on  the  point,  which  he 
has  made  at  the  suggestion  of  Professor  Hughes. 

Mr.  H.  B.  Kehfe  :  The  experiments  I  have  made  at  Professor 
Hughes'  request  bear  chiefly  upon  the  polarization  of  different 
metals  when  formed  into  couples,  with  zinc  as  a  pc*"  "      — ^^^ 
H    time  for  making  the  experiments  wr 
results,  therefore,  must  not  be  taken  as 
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My  method  of  experimenting  was  as  follows :  A  ThomBon 
[vaQometer  and  a  condenser  ■were  joined  up  in  the  circuit  of  the 
galvanic  couple,  the  polarization  of  which  it  was  desired  to  deter. 
two  keys  being  included  in  the  circuit.  The  following 
sketch  showa  the  arraagement : 
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Ki,  Kj  are  the  two  keys,  the  Latter  of  which,  by  being  depressed, 
short  circuited  the  battery.  By  depressing  K,,  leaving  Ki  open, 
the  inrush  of  the  current  into  the  condenser  C  .-produced  a  throw 
on  the  galvanometer  0,  which  represented  the  electromotive  force 
of  the  battery  E.  Now,  if  K,  were  kept  depressed,  and  then  Kj 
pressed  down,  an  equal  but  reverse  throw  to  the  foregoing  was 
obtained.  Again,  if  Ki  was  kept  depressed  for  a  definite  period, 
and  then  raised  (K,  still  being  held  down),  a  throw  in  a  similar 
direction  to  that  observed  on  depressing  Ki  would  be  noticed ;  and 
if  the  throw  were  equal  to  that  first  obtained,  it  is  evident  that  no 
polarization  can  have  taken  place ;  in  actual  practice  a  diminution 
is  observed,  the  amount  of  which  represents  the  degree  of  polariza. 
tion  which  has  taken  place  in  E.  If,  after  K,  had  been  pressed 
down  for  a  definite  period,  it  was  then  released,  Ki  having  been 
previously  freed,  then  on  again  depressing  K,  and  observing  the 
throw  obtained,  the  amount  of  the  latter  would  indicate  the  degree 
of  recovery  which  the  cell  had  undergone. 

The  cell  taken  as  a  standard  was  an  ordinary  Daniell,  with 
circular  zinc  and  copper  elements. 

The  electromotive  force  of  this  cell,  represented  by  the  throw 
obtained  on  depressing  Ki,  was  equal  to  190 ;  this  value  I  took  as 
representing  the  initial  figure  1. 
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On  joining  up  other  couples  and  taking  their  electromotive 
forces,  ■without  allowing  any  time  for  polarization,  I  got  tho 
following  results : 

Ordinary  Daniell  couple  ...         —  I'OO 

Zinc-Carbon  „  ...         =  1-21  very  variable. 

„     Platinum  „  ...  —  1'05     „  „ 

Daniell,  with  sulphuric  acid    ...         —  I'Ol 
ZincCopper  couple  , . .         —     '95  very  variable. 

„     Iron  „  =    -56 

„     Amalgamated  copper       ...  =     "16 

After  the  couples  had  been  on  short  circuit  for  one  minute,  and 
tested  for  polarization,  the  results  came  out  as  follows: — 

Daniell,  charged  with  zinc  sulphate     fell ...     9'7  per  cent. 

„  „  sulphuric  acid,    „    ...     9'8  ,, 

Zinc-Iron  couple ...         ...  ...         ,,    ...  12"0         ,, 

„   Copper   , „    ...  500         „ 

„      ,,       amalgamated  couple  „    ...  45'0         „ 

„   Carbon  couple         „    ...  500         „ 

„   Platinum    „  ,..         ...         „    ...  51'0         „ 

In  making  the  experiments,  I  noticed  that  in  point  of  steadi. 
ness  the  zinc-iron  couple  was  far  ahead  of  all  the  others.  It 
was  not  absolutely  steady,  as  variations  for  different  periods  of 
time  were  noticeable,  but  on  the  short  circuit  being  opened,  the 
recovery  of  the  couple  was  very  rapid  indeed  :  and  it  is  possible 
that  a  mean  or  limit  of  variation  may  be  arrived  at  by  taking  a 
sufficient  time,  but  this  point  I  did  not  determine. 

The  Daniell  recovered  itself  more  slowly,  but,  as  in  the  case  of 
the  zinc-iron  couple,  did  not  reach  its  initial  value  within  the 
limits  of  trial.     The  other  elements  showed  much  more  variable 

»  results.  The  zinc-platinum,  zinc-copper,  and  zinc-carbon  would 
take  a  very  long  time  to  come  back  to  their  original  electro-motive 
force  after  being  on  short  circuit.  In  the  zinc-iron  couple  the 
current  was  very  steady,  i.e.,  the  electro -motive  force  and  resist- 
ance taken  together  varied  very  little  as  compared  with  other 
^K  elemeula,  and,  therefore,  no  doubt  the  zinc-iron  couple  may  prove 
^Ba  very  useful  form  of  element  for  making  experiments  in.  "s^ivcJa. 
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very  steady  currents  are  required.  The  couple  is  easily  made.  Ita 
resistance  is  very  low  and  gives  a  good,  bo  called,  quantity  current, 
aud  possibly  for  that  reason  might  prove  useful  for  electro- lighting 
purposes. 

The  facts  and  figures  I  have  mentioned  are  merely  extracts  of  a 
lai^e  number  obtained  by  the  experiments,  but  what  I  have  said 
represents  a  summary  of  the  whole. 

Mr.  Von  Teeuentbld  i  The  subject  of  the  diecussion  is  of  very 
great  importance  in  telegraphy,  especially  with  regard  to  the  quea-   , 
tion,  "  Is  galvanizing  injurious  to  telegraph  wire  or  not  ? "     I  had  J 
an  occasion  of  learning  the  injurious  effect  of  galvanizing   irctti  " 
wire  as  far  back  as  ten  years  ago  when  constructing  telegraph 
lines  in  South  America.      A  large   quantity  of   iron   wire   was 
ordered  from  England  which  was  tested  before  being  galvanized  by 
a  competeut  inspector,  and  proved  satisfactory  in  accordance  with 
the  Government  specification.     It  was  afterwards  galvanized  and 
shipped ;  but  on  its  arrival  in  South  America  it  was  again  testod 
and  fiiileil  to  reach  the  given  standard ;  after  an  investigation  it 
was  proved  that  it  had  suffered  from  exposure  to  acidulated  water 
durmg  the  galvanizing  process. 

Mr.  Steoh  :  In  answer  to  Professor  Perry's  question,  I  should 
like  to  add  a  few  words.  The  experiments  I  tried  on  the  tensile 
strength  of  the  wire  were  perhaps  not  so  sensitive  as  they  might 
have  been,  and  minute  differences  might  exist  between  wires 
which  had  been  immersed  in  acidulated  water  and  wires  which 
had  not  been  so  treated,  but  still  I  am  quite  certain  that  there 
existed  no  great  or  appreciable  difference.  I  forgot  to  add  that 
after  a  brittle  wire  had  been  subject  to  strain,  its  brittleness 
appeared  to  be  reduced.  It  is  diEGcult  to  make  any  accurate 
comparisons,  because  where  a  wire  is  once  broken  to  ascertain 
its  brittleness,  its  tensile  strength  cannot  be  again  tested.  J 

Professor  AtrtON  :  Professor  Hughes  has  found  that  copp^l 
does  not,  like  iron,  become  brittle  when  immersed  in  dilute  acid.  I 
The  following  fact,  noticed  some  years  ago  by  Professor  Perry  and  1 
myself  when  experimenting  on  the  contact  theory,  may  bear  onM 
this  point.     It  is,  of  course,  well  known  that  the  elcctromotivM 
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force  of  a  simple  voltaic  cell  rapidly  falls  if  tlie  cell  is  employed 
to  send  a  strong  current ;  and  the  cause  is  also  known,  namely,  the 
deposition  of  hydrogen  gas  on  the  copper  plate  and  oxygen  on  the 
zinc.  Bat  the  following  is  perhaps  not  so  well  known,  namely, 
that  the  electromotive  force  of  a  new  voltaic  cell  which  is  not 
employed  to  send  a  current  steadily  rises  for  some  time ;  that  is, 
if  a  zinc  and  copper  plate  be  joined  respectively  to  the  electrodes 
of  an  electrometer,  and  then  dipped  into  dilute  sulphuric  acid,  the 
electrometer  reading  is  found  to  steadily  increase.  Is  this  increase 
in  electromotive  force  due  to  the  fact  that  copper  occludes  oxygen 
from  the  liquid,  and  not  hydrogen  ?  If  so,  it  may  account  for  the 
copper  not  becoming  brittle  like  the  iron, 

Mr.  J.  MuNKO :  It  has  occurred  to  me  that  the  fact  of  the  wire 
becoming  brittle,  while  retaining  its  tensile  strength,  might  be 
doe  to  a  mechanical  action.  When  a  wire  is  bent,  one  aide  is  in 
tension  and  the  other  is  in  compression.  Now,  the  particles  of 
gas  might  block  up  the  inter- molecular  spaces  in  the  part  under 
compression,  and,  by  preventing  the  bending,  might  cause  the 
brittleness.  Also,  when  a  wire  is  stretched  the  molecules  of  gaa 
must,  I  think,  escape ;  and  so  it  is  conceivable  ihat  by  stretching 
a  wire  after  it  has  been  made  brittle,  it  may  be  brought  back  to 
its  original  pliability,  as  Professor  Hughes  has  found. 

Professor  ADAMS :  Mr.  Stroh's  experiments  on  the  stretching 
of  wires  seem  to  show  that  some  of  the  occluded  gases  are  expelled 
by  the  stretching.  When  a  wire  is  stretched,  its  volume  is 
alightly  increased,  but  its  diameter  is  diminished,  and  the  lateral 
approach  of  the  molecules  of  the  metal  towards  one  another  will 
tend  to  drive  out  the  occluded  gas,  and  to  render  the  metal  less 
brittle. 

Professor  HuGHES :  I  have  listened  with  very  great  pleasure 
to  the  discussion  on  my  paper,  but  I  do  not  feel  very  clear  yet  as 
to  the  theory  on  the  point.  There  is  the  certain  fact  that  the  iron 
wire  absorbs  hydrogen  and  that  the  wire  becomes  brittle,  but  the 
reason  why  has  not  yet  been  given.  But  one  very  extraordinary 
■foct  has  come  out.  I  have  always  understood,  and  have  been 
taught  to  believe  by  most  electrical  works,  that  iron  is  one  of  the 
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worst  negatives  that  coulJ  be  employed.  Authors  record  iron  aa 
polarising  rapidly,  aud  this  error  has  been  copied  and  repeated  in 
electrical  works  until  the  statement  has  become  one  of  common 
belief.  Now,  if  iron  absorbs  hydrogen,  and  hydrogen  is  the  cause 
of  pokrization,  one  would  espect  to  find  greater  polarization  in  iron 
than  in  any  other  substance ;  but,  to  my  surprise,  when  tested 
(aa  also  stated  by  Mr,  Kempe)  it  was  less  than  any  known  sub- 
stance, and  after  short  circuiting  an ,  iron  and  zinc  element  for 
hours  it  rises  extremely  rapidly  again.  Its  constancy  is  higher 
than  any  other  single  liquid  cell.  In  fact  its  constancy  is  eo 
remarkable  that  it  can  only  be  compared  with  a  Daniell,  The 
resistance  of  this  cell  is  also  less  than  any  other  esposing  the 
same  amount  of  surface — in  a  similar  acid.  When  we  measure 
the  resistance  of  a  single  liquid  cell  we  are  really  not  measuring 
the  resistance  of  the  liquid  at  all ;  for  every  negative  we  put 
all  being  of  similar  dimensions,  there  is  a  different  resistance 
that  liquid,  and  it  is  really  the  resistance  of  the  negative  elemeDt' 
and  its  polarization  that  varies.  My  view  of  the  matter  at  present 
is  that  iron  absorbs  hydrogen,  and  that  being  full  of  hydrogen, 
when  hydrogen  comes  against  it  in  the  cell,  it  is  repelled  and  given 
off  in  the  streaming  torrents  of  bubbles  that  are  ao  astounding. 
KeaUy,  the  iron  cell  is  worthy  of  being  studied  and  investigated— 
as  where  large  aud  constant  currents  are  required,  as  in  the  case  of 
electro -metallurgy,  electric  light,  &c.,  it  is  the  most  simple  and 
economical  batteiy  that  we  possess. 

The  President  :  We  are  very  much  indebted  to  Professor 
Hughes  for  having  brought  this  subject  before  us,  and  also  to 
Mr.  Chandler  Roberts  and  Mr.  Stroh  for  supplementing  it.  The 
chief  point  brought  out  in  the  remarks  is,  really,  how  very  ignorant 
we  are  of  one  of  the  very  commonest  things  taking  place  round  about 
us.  Here  is  the  mysterious  substance,  iron,  which  takes  up  such  in- 
numerable forma,  which,  with  the  addition  of  a  little  carbon,  entirely 
changes  its  character,  which  becomes  one  moment  soft  and  another 
moment  brittle ;  which  is  used  Bometiraes  for  the  negative  and  some- 
times for  the  positive  pole  of  a  battery,  and  which  takes  all  these 
protean  shapes  without  our  having  the  slightest  notion  of  why  it  ubi 
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It  shows  how  by  pursuing  a  subject  of  this  kind  there  are  others 
besides  Professor  Hughes  who  can  enlighten  us  in  investigating 
the  electrical  behaviour  of  substances.  There  is  a  very  interesting 
behaviour  of  iron  bearing  to  a  certain  estent  on  this  subject,  but 
which  is  totally  different  in  its  character,  and  that  is  the  passivity 
of  iron.  It  was  Sir  John  Herschell  who  found  that  under  certain 
circumstances  iron  was  in  a  totally  negative  state,  that  is,  acids, 
nitric  acid  in  particular,  would  not  attack  it.  SchonbeJn  re- 
discovered this,  investigated  it,  and  Faraday  followed  it  up,  and 
it  led  to  iron  being  largely  used  for  batteries.  There  was  the 
historical  Maynooth  battery  containing  about  two  hundred  square 
feet  of  iron,  and  nearly  half  that  qiiantity  of  zinc  which  produced 
lost  torrents  of  electricity,  Tt  fell  out  of  use,  I  do  not  know 
Vby.  But  Professor  Hughes  has  brought  before  us  to-night  such  a 
feet  that  must  force  all  electricians  to  investigate  still  further  the 
behaviour  of  iron  for  batteries,  and  to  see  whether  this  curious 
material  cannot  be  utilised  for  practical  purposes  to  a  greater 
extent  than  it  hitherto  has ;  and  I  am  sure  I  am  only  re-echoing 
the  opinion  of  everybody  here  present  when  I  say  that  we  are 
extremely  indebted  to  him  for  bringing  the  paper  before  us. 

Subsequently  to  the  discussion  Mr.  E.  S.  Newall,  F.R.S.,  wrote 
to  the  President : 

"I  thought  that  the  fact  that  iron  wire  immersed  in  acidulated 
water  becomes  excessively  brittle  was  well  known  to  wire-drawers 
and  users.  I  certainly  have  known  it  for  the  last  forty  years,  and 
lave  used  it  to  ascertain  whether  the  wire  was  newly  made  or  was 
■ittle  from  bad  material  or  other  cause.  An  iron  wire  gets 
itDpletely  saturated  with  acid  if  it  has  been  cleaned  with  it,  or 
'  pickled  '  as  it  it  technically  called.  To  prove  this,  break  the 
wire  and  wet  it  on  the  point  of  your  tongue,  and  a  bubble  of 
hydrogen  will  be  given  off,  the  wire  is  as  brittle  as  a  carrot,  but  if 
it  be  put  into  stock  and  not  used  for  a  month  or  two  the  acid 
evaporates  and  wire  which  might  have  been  condemned  as  bad  by 
person  not  aware  of  the  fact,  becomes  quite  tough  and  good." 

The  Secret AET  then  read  the  following  paper : — 


ON  THE  ADHESION  OF  METAL9  PROBLXED      [April  lHli. 


ON  THE  ADHESION  OF  METALS  PRODUCED  BY 
CURRENTS  OF  ELECTRICITY. 

By  A.  Steoh,  Member. 

1.  It  is  well  known  that  when  a  circuit  conveying  a  powerftil 
current  of  electricity  is  made  or  broken,  a  spark  is  visible  at  the 
point  of  contact.  The  spark  is  most  vivid,  and  is  also  accompanied 
by  a  snapping  sound  when  the  circuit  is  broken. 

The  intensity  of  these  effects  increases  with  the  strength  of  the 
current  flowing,  until,  in  the  language  of  Gassiot,  it  becomes  "  a 
vivid  electrical  flame  dbcbarge." 

It  varies  with  the  metal  employed  in  making  contact,  and  it 
is  always  very  striking  where  mercury  contacts  are  ased.  The 
colour  of  the  spark  is  known  to  depend  upon  the  metal  employed 
in  making  contact. 

It  is  also  well  known  that,  under  certain  circumstances, 
contacts  have  a  tendency  to  stick  or  adhere,  as  in  the  case  of 
relays ;  and  the  object  of  the  present  Paper  is  to  draw  attention 
to  certain  facts  in  connection  more  especially  with  the  m-aking 
of  contacts,  which  are  thought  to  be  of  a  novel  character,  and 
therefore  of  interest  to  this  Society, 

2.  If  two  short  wires,  which  are  attached  to  the  two  polea  of 
a  battery,  are  brouglit  into  contact  with  one  another,  especially 
if  they  are  of  steel,  a  tendency  for  them  to  adhere  may  be  felt, 
similar  to  the  case  of  two  pieces  of  wax  being  brought  into  slight 
contact  and  separated  again. 

3,  To  demonstrate  this  fact  in  a  more  striking  manner,  the 
following  arrangement  has  been  devised : — 

Fig.  I.  represents  a  board  of  about  twelve  inches  by  four,  at 
one  end  of  which  is  fixed  a  terminal,  and  attached  thereto  is  a 
steel  wire  C  about  three  mm.  thick,  bent  as  shown  in  the  diagram 
go  as  to  leave  a  space  of  two  or  three  inches  between  wire  and 
board.  The  otlier  end  of  the  board  contains  a  mercury  cup  D, 
BO  that  a  current  may  be  there  made  and  interrupted  without 
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totichiniv  or  shaking  the  board.  A  steel  wire  B,  about  twelve 
ioches  long,  and  bent  at  one  end  so  as  to  dip  into  the  mercury  cup, 
Tlg.X 


is  laid  upon  the  board.  One  pole  of  a  small  bichromate  element 
is  connected  with  the  terminal  C,  and  the  other  pole  witJt  the 
mercury  cup  D. 

4.  If,  now,  the  straight  end  of  the  steel  wire  B  is  raised  until 
it  comes  into  contact  with  the  bent  wire  C,  it  will  adhere  to  it 
with  considerable  power ;  and  if  the  wire  B  is  not  too  heavy  (it 
may  bo  one  to  three  mm.  thick),  contact  at  the  mercury  cup  D 
may  now  be  broken  and  made  any  number  of  times  without 
effectmg  the  adhesion  of  the  two  wires  B  and  C. 

5.  Each  time  ci^ntact  is  madij,  a  click  or  snapping  sound  is 
heard  in  the  "  contact-joint "  (as  it  may  be  called)  S.  This  click 
is  also  heard,  but  only  faintly,  when  the  current  is  interrupted. 
It  may  be  mentioned  that  for  this  experiment  it  is  well  to  have 
longer  connecting  wires,  and  to  make  and  break  contact  at  a  little 
Jistaace  from  the  board,  since  the  click  of  the  mercury  contact 
may  otherwise  be  mistaken  for  that  of  the  contact-joint. 

6.  If  the  steel  wire  E  is  replaced  by  a  stouter  one,  say  about 
fi'e  to  six  mm.  thick,  and  raised  against  the  bent  steel  wire  C 
while  the  battery  is  connected,  it  will  abo  be  found  to  adhere, 
iwt  owing  to  its  greater  weight  it  will  subject  the  contact-joint  X 
to  a  strain,  which  is  near  the  breaking-strain;  and  now,  although 
tlie  current  may  be  interrupted  at  the  mercury  cup  D  wiibovit  any 
effect,  rupture  of  the  contact-joint,  accompanied  with  a  bright 
spark,  will  take  place  at  the  instant  when  tbs  tvtexn.'i.  ^ 
r>  ifwtoMjiihffl, 
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7.  It  is  necessary  that  the  battery  be  connected  to  the  mercury 
cup  and  the  terminal  C  before  the  two  steel  wires  B  and  C  are 
brought  into  contact,  as  the  effect  described  will  not  take  place 
when  this  order  is  reversed.  It  is  also  necessary  that  the  two 
steel  wires  B  and  C  be  perfectly  clean  at  the  points  where  they 
are  brought  into  contact.  Rubbing  the  same  with  emery  paper 
before  the  experiment  will  ensure  success. 

8.  The  greatest  effect  of  the  adhesion  is  obtained  if  two  sharp 
edges  are  brought  into  contact  at  about  right  angles  to  each  other, 
while  large  flat  surfaces  will  only  adhere  with  difficulty  or  not  at 
all.  The  adhesion  of  sharp-edged  contacts  is  considerable,  and  in 
the  case  of  hard  steel,  with  a  single  bichromate  element,  is  so 
great  that  it  will  resist  a  strain  of  half  a  pound  and  more.  By 
the  employment  of  sharp  edges,  all  metals  can  be  made  to  adhere 
easily  with  more  or  less  tenacity. 

9.  This  fact  has  led  to  the  construction  of  a  balance,  which  is 
represented  in  Fig.  II.,  for  the  purpose  of  ascertaining  the  degrees 
of  adhesion  of  different  metals. 
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On  a  board  A,  about  twelve  inches  long,  is  a  support  B, 
containing  a  mercury  cup  C.  On  the  two  projections  of  the 
support  B  rests  a  spindle  or  axis  D,  to  which  is  fixed  a  wooden 
beam  or  lever  E.  This  carries  a  counterbalancing  weight  F  at  its 
short  end,  and  its  longer  end  is  furnished  with  a  brass  screw-clamp 
0|  to  which  is  attached  a  wire  which  runs  along  the  beam  E  and 
dips  into  the  mercury  cup  C.    Above  the  clamp  O,  and  at  ri^ 
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angles  to  it,  ia  another  screw-clamp  H  oq  a  brass  upright  J,  which 
IB  fixed  on  the  board  A  with  a  binding  screw  or  termiDal  K. 

The  two  screw. clamps  Q  and  H  are  for  the  purpose  of  holding 
the  metal  contact  pieces  which  are  under  examination,  and  one  of 
which  IB  represented  in  Fig.  III.  on  an  enlarged  scale,  the  contact 
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edge  N  being  formed  by  two  bevels  at  an  angle  of  45°  with  each 
other.  A  number  of  pairs  of  contact  pieces  of  different  metals 
being  previously  prepared,  one  pair  is  fixed  in  the  two  clamps, 
and  connections  are  made  from  the  terminal  and  the  mercury  cup 
to  a  single  bichromate  element.  The  lever  or  beam  E  is  now 
raised  until  the  contact  pieces  meet  at  M,  when  they  will  adhere, 
snd  by  weights  of  different  value  (W),  which  can  be  moved  along 
the  lever  E,  the  adhesive  strength  of  the  contact-joint  is  ascer. 
tflined.  In  this  manner  the  following  list  has  been  prepared, 
about  six  experiments  having  been  made  with  each  metal,  and 
the  average  taken  in  each  case.  The  figures  given  are  the  weight 
m  grammes  which  each  contact. joint  is  capable  of  supporting : — 


Copper 

.       016 

SiWer    

0-15 

Alaminium    ...     . 

.       2-5 

Brass     

.       8-5 

Zinc       

.     11- 

Tin        

.     14- 

Gold      

.    17- 

Lead      

.     18- 

German  Silver      . 

.     28- 

Platinum       ...     . 

.     42- 

Iron       

.     85- 

Steel,  soft      ...     . 

.  100- 

Steel,  hajd     ...     . 

.  225' 

1 
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10.  It  may  be  worth  mentioning  that  after  the  contact-joint  M 
is  made,  it  is  immaterial  whether  the  battery  is  disconnected  or 
not;  it  does  not  appear  to  affect  the  degree  of  adhesion,  nor  is 
the  effect  in  any  way  dependent  on  the  direction  of  the  current. 

11.  The  values  given  in  the  above  list  are  in  each  case  for  a 
poA/r  of  contacts  of  the  sa/me  metal.  When,  however,  contact  is 
made  between  two  different  metals,  it  appears  that  the  adhesion 
obtained  is  reduced  to  that  due  to  the  metal  which  stands  lowest 
in  adhesive  power  on  the  above  scale ;  thus,  a  contact  between 
copper  and  steel  would  only  exhibit  the  same  amount  of  adhesion 
as  one  made  between  copper  and  copper.  A  sufiScient  number  of 
experiments  have,  however,  not  yet  been  made  to  fully  estcMish 
this  fact. 

12.  Examination  of  a  contact-joint  under  the  microscope  leaves 
no  doubt  that  actual  fusion  or  welding  is  the  cause  of  adhesion. 
If  it  were  possible  to  make  a  contact  so  suddenly  that  ample 
conducting  pow:er^  for  the  current  were  provided  without  loss  of 
time,  no  such  heating. effect  could  take  place,  and  therefore  there 
could  be  no  adhesion.  But  when  two  sharp  edges  are  approaching 
one  another,  the  first  touch  of  contact  must  be  exceedingly  small 
in  extent,  and  therefore  of  comparatively  large  resistance.*  Heat 
at  the  points  of  contact  must  be  the  result ;  and  if  metals  were 
non-conductors  of  heat  while  they  retained  their  conducting  power 
for  electricity,  the  current  would  heat  the  immediate  points  of 
contact  only^  and  they  would  probably  remain  heated  as  long  as 
the  current  was  passing.  Metals  being,  however,  good  conductors 
of  heat,  it  is  reasonable  to  suppose  that  the  welding  heat  produced 
by  the  resistance  at  the  beginning  of  contact  reaches  considerably 


*  Extract  from  Faraday's  Eesearcbes,  1,074 : — ''A  voltaic  spark  is  generally 
due  to  the  ignition  and  even  combustion  of  a  Yninute  portion  of  a  good  con- 
ductor ;  and  that  is  especially  the  case  when  the  electro-motor  consists  of  but 
one  or  few  pairs  of  plates.  This  can  very  well  be  observed  if  either  or  both  of 
the  metallic  surfaces  intended  to  touch  be  solid  or  pointed.  The  moment  they 
come  in  contact  the  current  passes;  it  heats,  ignites,  and  even  bums  the 
touching  points,  and  the  appearance  is  as  if  the  spark  passed  on  making 
contact,  whereas  it  is  only  a  case  of  ignition  by  the  current  contact  being 
previously  made,  and  is  perfectly  analogous  to  the  ignition  of  a  fine  platinum 
wire  connecting  the  extremities  of  a  voltaic  battery." 
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beyond  the  points  actually  in  coatact.  Id  fact,  in  the  caee  of 
bright  steel — which  may  be  called  a  self-registering  thermometer, 
through  the  different  colours  produced  by  oxidization,  and  which 
are  left  on  the  Burface  after  heating — it  may  he  seen,  by  the  aid 
of  the  microscope,  that  such  ia  the  case. 

13.  It  will  follow  therefore,  aa  a  secondary  effect,  that  the 
Burface  of  contact  becomes  larger  in  extent  during  the  state  of 
incandescence  when  also  the  welding  together  of  the  points  in 
contact  takes  place.  The  resistance  is  thereby  much  reduced,  and 
ttie  cooling  of  the  now  welded  contact  must  follow.  A  certain 
small  degree  of  resistance,  and  consequently  a  corresponding 
degree  of  heat,  must,  however,  remain  during  the  continuation  of 
the  current.  But  when  the  circuit  is  now  broken,  the  contact- 
joint  will  acquire  the  temperature  of  the  surrounding  parts.     The 

mtraction  which  must  accompany  this  effect  will  account  for  the 
t  click  which  is  heard  at  the  time. 

14.  At  the  moment,  however,  when  the  circuit  is  re-estab- 
i  louder  click  is  heard  at  the  joint;   or,  if  the  same  be 

bder  strain,  the  joint  itself  may  be  ruptured  altogether.  The 
■  of  these  effects  must  be  owing  to  the  sudden  expansion  of 
Be  contact-joint  by  the  heating  effect  of  the  current,  while  the 
'  is  probably  due  to  the  impulse  given  by  the  expansion  of 
fee  joint  to  the  weight  or  mass  which  causes  the  strain. 

15.  If  a  thin  steel  wire  B,  which  does  not  exert  much  strain 
Bon  the  contact.joLnt  (it  may  be  one  to  two  mm,  thick),  is  used 

bith  the  instrument  represented  in  Fig.  I.,  the  following  experi. 

lent  may  be  made : — 

Let  one  bichromate  cell  be  connected,  and  the  contact-joint 

ide  by  raising  the  wire  B  against  0.     The  circuit  may  now  be 

token  and  made  at  the  mercury  cup,  as  before  described,  and 

Be  wire  B  will  remain  suspended.     But  if  a  current  from  two 

dls  be  now  allowed  to  pass  through  the  joint,  the  wire  B  will 

I  on  completing  the  circuit.     A  similar  effect  will  take  place 

pf  a  current  from  three  cells  is  allowed  to  pass  through  a  contacb- 

'  joint  which  was  made  with  only  two  cells.     It  appears  therefrom 

that  on  passing  a  current,  stronger   than   that  with  which  the 

,   contact-joint  was  made,  heat  is  again  produced  by  the  .leaistaiice 
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of  the  joint.  It  thereby  loses  its  adbeBioo,  and  the  wire  B  mnst 
fall.  It  also  appears  that  the  current  provides  for  itself  a  passage 
across  the  contacts  in  proportion  to  its  strength. 

16.  Another  effect  worth  mentioning — whtch  takes  place, 
however,  in  the  case  of  steel  only — is  the  kardeniny  of  tJie 
contact-joint.  The  rapid  cooling  of  the  points  of  contact,  after 
having  been  intensely  heated,  produces  an  effect  similar  to  that 
of  immersing  red-bot  steel  Into  water.  A  test  with  a  fine  file  on 
a  soft  steel  contact-piece,  where  several  contacts  have  been  made 
side  by  side,  will  prove  the  above  statement,  the  points  of  contact 
proving  so  hard  that  they  will  scratch  the  file. 

17.  A  pendulum  suspended  by  contact)  as  shown  in  Fig,  lUL, 
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will  oscillate  for  some  time,  and  a  bar  suspended  as  shown  in 
Fig,  V.  will  even  prove  the  joint  to  resist  a  small  amount  of 
torsion.  This  shows  that  a  certain  amount  of  elasticity  esists  at 
the  contact-joint. 

18.    The   occasional   sticking  of  contacts   in  relays  may  be 
accounted  for  in  the  following  manner : — 
^    Ab  long  as  the  two  surfaces  viVicIa  maVa  \.\i«  cantoct  remain  - 
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3at,  so  that  ample  passage  for  tbe  current  is  obtained  at  the 
Boment  of  completing  the  circuit,  little  or  no  heating  effect  will 
i  place. 


When  contact  is  broken,  however,  a  spark  is  alwaj3  th« 
Consequence.  By  the  repetition  of  these  sparks,  the  contact- 
surfaces  are  burnt  and  become  uneven. 

The  making  of  contact  thereby  becomes  more  and  more 
tsiperfect  and  of  greater  resistance,  until  some  raised  point  only 
makes  contact;  the  heat  then  produced  causes  the  melting  and 
lesion  of  the  contact. 

It  seems,  then,  that  the  primary  cause  of  the  sticking  of  relay 
contacts  is  to  be  looked  for  in  the  effects  of  the  "  breaking  spark,'* 
and  therefore  any  device  which  will  prevent  or  lessen  this  effect 
vill  also  prevent  the  adhesion  of  relay  contacts. 

(Mr.  SteoH  then  explained  the  apparatus,  and  repeated  the 
different  experiments  described  in  the  paper,  and  supplemented 
the  same  by  the  following  remarks). 

A  glance  at  the  list  of  metals  before  us,  down  as  far  aa 
platinum,  shows  that  the  best  conductors  for  electtici^.^ ,  sm<^  »& 
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copper  and  silver,  possess  the  smallest  degree  of  adhesion ;  Wiila 
the  vorse  conductors,  such  as  German  silver  and  platinum,  adhen 
more  freely.  It  would  appear  that  it  is  owing  to  the  greater 
resistance,  and  consequently  the  greater  degree  of  heat  produced 
by  contacts  of  bad  conductors,  that  the  degree  of  adhesion  of  tie 
last-named  metals  is  so  far  in  advance  of  the  first.  Hardness  of 
the  metals,  however,  as  well  as  their  tensile  strength,  fusibili^, 
and  other  qualities,  play  probably  a  part  in  forming  the  various 
degrees  of  adhesion. 

It  is  very  remarkable  to  notice  how  very  far  iron  and  steel  an 
above  the  other  metals  as  regards  their  power  of  adhesion.  ThB 
may  possibly  be  accounted  for  by  the  fact  that  steel  and  iron  can 
be  welded  easily  under  ordinary  circumstances,  while  the  other 
metals  do  not  possess  this  quality. 

I  cannot,  however,  explain  the  great  difference  between  steel 
annealed  and  steel  hardened ;  and  having  shown  the  experiments, 
perhaps  some  gentlemen  present  may  give  a  clue  to  the  mystery. 

The  President  :  We  have  all  been  very  much  interested  both 
in  Mr.  Strob's  paper  and  in  the  experiments  he  has  carried  out 
before  us.  There  are  two  very  remarkable  facts  brought  out  bj 
these  experiments.  The  iirst  is  that,  contrary  to  what  one  would 
expect,  when  these  joints  are  made  with  steel  the  effect  is  to 
harden  the  steel.  Now  we  generally  assume  that  when  heat  is 
applied  to  steel  it  has  the  reverse  effect.  But  we  know  that  when 
a  current  is  passed  beat  is  produced,  and  it  does  seem  that  the 
effect  of  such  heat  on  the  ateol  joint  is  to  produce  hardening,  and, 
as  Mr,  Stroh  says,  to  a  considerable  effect;  and  the  fact  is  well 
worth  Mr.  Anderson's  attention,  because  I  must  confess  that  at  the 
presant  moment  there  is  something  about  the  matter  which  it 
extremely  difiicuU  to  understand. 

The  second  interesting  point  is  the  "click"  which  is  beard 
whenever  a  current  passes  through  the  joint.  It  is  moat  distinct- 
It  is  another  point  very  difficult  to  understand,  although  there  is 
no  doubt  that  it  is  simply  due  to  the  expansion  produced  by  heat 
at  the  point  of  contact,  which  must  have  a  certain  amount  of 
resistance.  It  also  enables  us  to  understand  what  has  been  rather 
difficult  of  comprehension,  and  that  is  the  fact  that  the  microphone 
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is  reversible.  Professor  Hughes  has  shown  by  experiments  that 
in  the  microphone  there  is  a  bad  contact  which  offers  a  consider- 
able amount  of  resistance,  and  owing  to  the  pressure  produced  by 
the  sonorous  vibrations  this  contact  is  made  better  or  worse,  and 
coriously  enough  the  reverse  effect  is  experienced  in  the  case 
before  us.  So  that  the  rapid  alternation  of  the  contacts  of  the 
microphone  produce  the  tones  given  out ;  for  we  all  know  that  the 
tones  of  our  voices  and  notes  of  music  are  simply  due  to  the  fact 
that  clicks  or  motions  are  reproduced  so  frequently  that  at  last 
they  bring  notes  to  our  brain. 

Professor  Ayeton  :  Asa  proof  that  a  break  in  the  circuit  is 
Bot  necessary  to  enable  a  microphone  to  act  as  a  receiver,  I  may 
mention  that  last  week  I  was  shown  by  the  Count  du  Moncel  a 
microphone  receiver  in  which  there  was  no  break  whatever.  It 
was  dmply  a  piece  of  iron  wire  through  which  the  currents  sent 
by  the  distant  microphone  were  transmitted,  and  that  continuous 
piece  of  wire  was  quite  sufficient  to  emit  sound  when  intermittent 
currents  were  sent  through  it,  no  magnets  or  coils  of  wire  of  any 
kind  being  employed.  The  sounds  emitted  by  such  a  receiving 
microphone,  or  whatever  this  simple  straight  bit  of  iron  wire  may 
be  called,  were  sufficiently  loud  to  enable  a  conversation  trans- 
mitted by  a  microphone  at  the  distant  end  to  be  heard. 

The  hardening  of  the  steel  in  Mr.  Stroh's  experiments  is  no 
doubt  due  to  the  sudden  cooling  of  the  heated  contact  in  conse- 
quence of  the  large  mass  of  cold  metal  rigidly  attached  to  it. 

A  ballot  having  taken  place,  at  which  the  following  gentlemen 

were  elected 

As  Aasocidtes  : 

J.  Berly.  Somerset  R.  French. 

William  Carson,  M.I.C.E.       A.  Graves. 

A.  C.  Cockbum.  Philip  Harbord* 
Alfred  Coleman.  Edward  F.  Heath. 
M.  Cooper.  George  J.  Heraghty. 

B.  £.  Crompton.  Francis  M.  Rogers. 
Harold  Dowson.  Lionel  Shorrock. 
Henry  Ferguson.  Arthur  H.  Vesey. 

the  Meeting  adjourned  until  Wednesday,  April  28th. 


IM„  INDUCTION  FEOM  WIRE  TO  ■WIRE 

INDUCTION  FROM  WIRE  TO  WIRE  IN  TELEGRAPH 

LINES. 

Mr.  Spagnoletti,  considering  that  hia  remarks,  as  they  appearFtd 
on  page  79,  No.  31,  Vol.  IX.  of  the  Journal,  did  not  express  hii 
meaning  completely,  desires  to  substitute  the  following  :— 

"About  the  middle  of  1870  reports  o£  'contact'  on  Post  OfGw 
wires  were  made,  but  as  I  could  not  find  any  by  testing,  and  as 
after  several  efforts  the  complaints  continued,  I  made  further 
enquiries  into  the  cause.  The  poles  not  being  earth-wired,  I 
thought  might  probably  be  a  cause,  and  I  had  arms  and  poles 
fitted  carefully  with  earth  wires.  Still,  complaints  of  'contact' 
were  made.  I  then  went  to  the  City  office  to  see  it,  and  gave  it  a 
my  confident  opinitm  that  it  was  not  '  contact '  but '  induction,'  doa ' 
to  the  strong  power  used  for  the  high-speed  instruments  (Wheat. 
stone's  automatic),  the  use  of  which  was  then  being  extended 
rapidly,  and  it  was  on  my  persisting  that  it  was  'induction,'  that 
when  wires  were  disengaged  on  the  London  and  North  Western 
Railway,  through  repairs  being  done  to  the  Dublin  cable,  that 
esperiments  were  made  on  these  wires  by  the  Post  Office  authori. 
ties,  the  result  of  which  experiments  confirmed  my  opinion  that  it 
was  '  induction.'  This  was  ihe  first  case  of  the  inconvenience  of 
'  isduction '  being  felt  on  over.head  or  open  wires ;  hence  the  doubt 
held  until  my  opinion  had  been  confirmed. 

"After  we  had  had  all  the  poles  and  anna  earth- wired,  j 
the  complaints  of  '  contact '  still  continued,  I  nmde  a  special  te 
of  many  of  these  earth. wires  on  arms  and  poles,  but  they  all 
proved  good ;  but  on  reaching  Birmingham  I  found  a  peculiar  cir. 
curostance — I  could  not  get  a  deflection  on  the  galvanometer.  All 
connections  and  the  battery  were  carefully  examined,  and  as  alt 
appeared  right  we  tried  again,  but  with  the  same  result.  I  then 
bad  galvanometer  placed  in  circuit  without  the  battery,  and  found 
we  obtained  a  deflection  by  earth  current  of  between  50°  and  CO**, 
which  was  strong  enough  to  establish  equilibrium  when  battery 
was  used,  hence  no  deflective.  We  tried  the  earth  first  on  the 
rail,  but  thinking  that  the  zone  of  the  galvanised  wire  might  aofc 
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with  the  iron  rail  and  form  a  battery,  I  tried  it  with  the  earth 
direct,  and  the  result  was  just  the  same — it  seemed  a  local  ear^ 

"  The  apparatus  we  used  was  rigged  up  by  Inspector  Miller.  An 
Eiry  vertical  galvanometer  and  four. cell  ordinary  Daniell'a 
toery,  placed  on  the  top  of  a  thick  stick  with  a  copper  funnel- 
shaped  ferrule  with  a  sharp  point  to  drive  into  the  earlh,  and  a 
wire  running  up  the  stick  connecting  the  ferrule  with  one  pole  of 
the  battery  for  earth  contact,  it  is  possible  that  the  copper  ferrule 
and  zinc  galvanising  of  earth  wire  on  the  pole  formed  the  battery^ 
iait  if  this  was  so,  why  should  it  coaBne  itself  to  Birmingham  to 
jtand  not  elsewhere  I 

I  "  The  line  at  this  portion  of  the  railway  is  an  embankment 
d  made  ground :  whether  there  was  anything  in  the  composition 
e  earth  forming  the  embankment  I  cannst  say." 
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A.  TOEPLEK— rarUCTION  MACHINES.  | 

{EUdrotechnUcka  ZeitichriJI,  H.  II.,  February,  1580,  pp.  56-80.)  I 

Static  induction  macliinca  (like  those  of  Holtz)  and  dynamo-electrio 
Machines  are  compared  together  at  considei-able  length,  and  it  ia  explained 
bow  the  Hollz  machine  can  produce  a  smal!  quantity  of  electricity  at  a  high 
potential  if  the  prime  conductor  be  insulated,  whereas  the  continuous  currents 
that  can  be  produced  are  exceedingly  small.  The  authoi-  deecribes  a  si 
induction  machine  which  he  has  constracted  somewhat  on  the  principle  of 
putting  a  number  of  galvanic  cells  in  parallel  dromt,  A  horizontal  aril 
carries  a  collection  of  little  circular  glass  plates  at  small  distances  from  ona 
another.  In  altercate  spaces  between  the  revolving  glass  piatea  are  placed 
well-insulated  inductors,  and  in  the  spaces  which  are  not  filled  there  ia  a  system 
of  combs  with  their  pointed  ends  turned  in  the  direction  of  rotation.  Tbetno 
end  glass  plates  are  used  as  in  the  Boltz  machine  to  increase  the  charge  i: 
inductors  while  the  remainder  areemplojed  to  cause  an  electric  current  to  flair 
into  the  combs  and  out  through  the  wire  attached  to  them.  Using  twenty  gUD 
plates,  thirteen  centimetres  in  radiua,  the  whule,  independently  of  the  rotating 
mechanism,  only  occupying  0'05  cubic  metres,  and  making  twenty  Totatlcns 
per  second,  a  current  strong  enough  to  work  a  SiemeuB'  polarised  relay,  bdc 
twenty  times  as  strong  as  is  obtainable  with  a  Holtz's  machine,  was  produced, 
The  best  action  of  the  machine  was  obtained  by  employing  it  to  charge  s 
battery  of  Leyden  jars  which  were  being  constantly  discharged  by  sparking, 
Charging  eighteen  great  Leyden  jars  for  06  second,  a  spark  was  obtained  which 
could  heat  five  platinum  wire.  To  work  the  machine  continuously  required  the 
eipenditure  of  four  metre-kilogrammes  of  work  per  second,  and  the  efficiency  of 
the  arrangement  was  about  one-halfl  As  this  auiount  of  work  is  less  than  one 
man  can  furnish,  it  is  desirable  to  increase  the  number  of  glass  plHles  and  torn 
at  a  higher  speed.  Charging  and  discharging  a  large  Leyden  jar  forty  times  a 
second,  the  discharge  spark  being  one  centimetre  long,  the  noise  was  insuffer- 
able, the  single  uparks  were  indiBtinguiahable,  and  a  light  of  one  to  four  caadla- 
power  was  obtained.  Three  such  induction  machines  being  coupled  together, 
and  the  battery  of  Leyden  jars  being  discharged  eight  to  ten  limes  a  second  i, 
through  a  platinum  wire  O'B  mm.  in  diameter,  the  wire  remained  permanen 
hot.  The  current  could  decompose  wat«r,  but  it  required  thirty -eight  mini 
to  produce  one  cubic  centimetre  cf  explosive  gas.  The  insulating  cem 
employed  in  the  construction  of  the  induction  jnachine  deterioratea  from  m 
■o  that  it  has  to  be  regularly  renewed. 
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HASSMAWN— ON  TEE  INFLUENCE  OP  ATMOSPSEKIC  ELEC- 
TRICITY ON  LONG  UNDERGROUND  TELEGRAPH  CONDUCTORS. 
(EUctntech-niich,  Zeitschnft,  S.  HI.,  March,  1880, jip.  93,  94.) 
Tliere  is  no  doubt  About  the  fact  tliat  atmospheric  electricity  affects  Bub- 
[eiranean  lines,  and  ttis  occurs  through  the  discharge  of  thunderclouds  or 
similar  causes  procluciog  currents  in  the  earth  over  the  wires,  and  also  because 
the  underground  wires,  having  the  same  earth  connectionB  at  the  end  as  certain 
overhead  wires  coming  to  the  same  olllces,  are  alTected  by  the  disturbances  in 
t^ese  wires.  The  German  telegraph  administration  made  last  summer  a  series 
of  enquiries  as  to  how  f*r  these  disturhancea  affect  the  work  of  the  great  nnder- 
ground  conductors  of  the  empire,  and  tliey  have  found  that  in  the  underground 
fjslem  the  disturbance  is  very  much  less  than  in  the  overhead  system.  Again, 
tbey  found  that  on  the  tinderground  system  disturbances  showed  themselves  to 
1)B  stronger  in  the  Hughes  system  than  in  the  Morse,  In  the  Hughes,  false 
lignals  occurred,  single  letters  and  even  whole  words  being  omitted,  whereas 
in  the  Morse  only  a  few  signals  were  slipped.  The  disturbances  were  especially 
great  when  thunderstorms  burst  over  the  places  where  the  lines  went  to  earth; 
but,  indeed,  the  disturbance  was  always  great  immediately  underneath  dis- 
charging thunderclouds,  even  when  there  waji  no  earth  connection,  and  they 
leemed  to  be  as  great  whether  Ihe  thunderstorm  crossed  the  line  or  went  along 
thelirie.  Lastly,  when  disturbances  occurred  near  one  end  of  the  wire  going 
lo  earth,  very  little  effect  was  seen  at  the  other.  During  a  vary  aevere  thunder- 
storm which  showed  itself  at  one  end  of  the  line,  and  prttduced  frequent  and 
BfcODg  discharges,  the  whole  apparatus  attached  to  the  overground  system  was 
B  mnoh  affected  that  messages  could  not  be  sent,  butal  though  the  thunder- 
Phmtwas  moving  in  the  directionof  the  underground  wires  so  little  diaturhance 
WBB  observed  on  them  that  the  worfe  weat  on  in  the  usual  way.  Suddenly, 
however,  a  Morse  instrument  attached  tu  one  of  the  underground  wires  stopped 
working,  and  was  fuund  to  be  damaged,  a-nd  a  horse  in  a  huilding  about  five 
lelres  from  the  underground  wire  was  also  hurt  by  the  shock.  But  it  was 
that  this  underground  wire  was  connected  with  earth  by  the  same  copper 
which  served  for  several  overhead  lines,  and  on  one  of  these  overhead  wires 
.Ivanoscope  was  simultaneously  injured.  The  injury  on  the  instrument 
,ohed  to  the  underground  wire  really  arose  from  the  same  wire  being  used 
eartli  lead  for  both  the  underground  and  the  overhead  systems. 


ABOH  —  IS     THERE      DANGER     IN     CARRYINO     A 
LIGHTNING  CONDUCTOR  INTO  A  POWDER  MAGAZINE  ? 
(Eleitfotcchnischa  Zdtsckr>ft,  H,  III.,  Marsh,  1S80,  pp.  !)4-97.) 
If  any  conductor  be  exposed  to  the  action  of  the  clouds  one  or  other  of  two  ■ 
kings  Ltis  to  bn  feared,  either  a  direct  discbarge  from  the  clouds  into  the 
MidiictDr,  or  a  "  bock  stroke,"  that  is,  a  discharge  from  the  conductor  into  the 
□  the  sudden  neutralisation  of  the  electrified  cloud  which  has  induced 
B  eh&i^  in  the  conductor.    It  a  body  be  enclosed  ia  a  vixt  \RiXxaiA.  (il  '& 


IS6 


ABSTHACT8. 


m  botb  thM^I 

«s.    TotatB 
r  of  cummt  ' 


ptrfeclli/  condoctiDg-  ttulMtaiiM,  it  is,  as  la  well  known,  screened  from  b 
actions ;  bat  if  Uie  screen  has  od]j  limited  conductivitj,  like  the  earth's 
effects  in  an  undergrovmd  wire  may  be  induced  by  atmospberic  ci 
thig  an  ordinary  electric  machine  was  employed,  and  as  a  detectjDr  of  cummt  ' 
either  a  frog's  leg  or  a  telephone.  One  end  of  a  coil  of  iniulated  copperirire 
112  metres  long,  was  successively  attached  to  either  the  frog's  leg  or  to  one 
end  of  the  telephone,  another  wire  passing  from  the  frog's  leg  or  from  the 
other  end  of  the  telephone  to  earth.  In  a  distant  room,  in  which  the  greater 
part  of  the  wire  was  coiled  up,  the  other  end  was  insulated,  and  sparks  wen 
dr.iwn  from  a  neighbouring  electrical  machine  bj  a  condactor  attached  to  tbe 
earth.  Eacli  time  a  spark  passed,  tbe  induced  effect  was  visible  on  the  distant 
frog's  leg  or  telephone,  showing  that  the  apparatus  was  sensitive  for  detecting 
back  stroke  in  overhead  wires.  The  experiment  was  then  varied  by  placing 
the  coil  in  a  tub  of  salt  water,  under  the  water  Tmt  near  the  surface,  and 
connecting  the  water  with  the  earth.  It  was  then  found  that  no  eOect  conld 
be  observed  either  in  the  distant  frog's  leg  or  in  the  telephone  on  causing  sparks 
to  pass  from  the  machioe  into  the  water,  provided  that  the  water  made  a  good 
earth.  When,  however,  twenty  Siemens  unitd  were  inserted  between  the  water 
and  the  earth  faint  sounds  were  heard  on  tbe  telephone,  and  on  inserting  eiglity 
Siemens  units  visible  motion  was  observed  iu  the  frog's  leg.  Experiments  were 
then  made  k)  prove  that  the  portion  of  the  covered  wire  immersed  in  tbe  water 
was  well  insulated,  so  that  the  effect  observed  could  not  bedue  to  leakage  of 
electricity  from  the  water  into  tbe  wire,  but  was  really  on  inductive  action  in 
the  wire  from  which  the  surrounding  water  did  not  shield  it.  Dr,  Biemeni 
mentioned  to  the  author  of  the  paper  that  in  the  same  way  sparks  were  to  be 
feared  near  the  ends  of  nnderground  wires  well  insulated  from  the  earth  and 
baried  in  dry  ground. 


The 


DNDERQRODND  TEUiGBAPH  WIBE8. 
{EleetroUchniscTie  Zeitiehrift,  E.  JII.,  Marek,  18SD,  pp.  107, 108.) 

iderground  telegraph  lines  established  by  the  German  postal  and 
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telegraph  administration  in  1876-79  have  a  length  of  2,274  miles,  consisting  of 
17,380  miles  of  wire.  The  article  gives  the  principal  towns  connected  in  this 
way  with  the  distances  between  them,  and  states  the  names  of  other  numeroui 
lines  which  are  io  be  finished  in  1880.  The  test  thus  given  to  the  system  baa 
led  to  such  satisfactory  results  that  it  is  being  introduced  into  other  states,  the 
most  important  being  France,  where  a  credit  of  eight  million  franci 
given  for  this  purpose  for  a  length  of  600  miles. 

A.  J.  PBOST— ItEMOnt  OF  sm  PRASCI8  BONALDS,  P.B.B. 

(The  Ronalds  CalaZogue,  jmblUfied  by  ike  Boc.  of  Ttl.  Bng.,  iji.  7-27.) 
Francis  Ronalds  was  bom  in  London  on  the  2lBt  FebruaTy,  1786,  and  w 
educated  at  a  private  school.    At  an  early  age  he  showed  a  taste  for  ori| 
experiment,  and  constructed  electrical  and  scientific  apparatus  o(  various 
He  was  also  an  excellent  draughtsman. 
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In  1814-15  be  contribated  several  papers  to  the  Philoiopkiail  Magatiiu 
and  having  at  tLis  time  bacome  acquaiuted  with  M.  De  Lnn,  who  was  then 
engaged  in  a,  series  of  interesting  electrical  eKperiments,  he  was  induced  t 
give  his  attention  to  the  practical  development  of  science. 

It  is  to  the  invention  of  an  electric  telegraph  in  181G  that  the  name  c 
Sonalds  will  be  best  remembered,  altbongbtlie  writer  of  the  Memoir  has  shown 
that  in  other  reapects  be  contributed  Tnaterlally  to  the  advancement  of  scier 

The  telegraph  of  Eonalda  ia  briefly  described  in  the  iVIemoir,  together  with 
some  extracts  from  his  work  published  in  16S3,  entitled  "  Description  of 
Electrical  Telegraph,  and  of  some  other  Electrical  Apparatus."  This  telegraph 
vas  erected  at  Hammersmitli,  and  consisted  of  eight  miles  of  overhead  and  535 
feet  of  underground  line,  the  latter  being  the  line  be  priiposed  to  adopt.  This 
consisted  of  copper  wire  enclosed  in  glass  tubes,  the  joints  in  the  tabes  being 
made  with  was.  The  tubes  were  then  laid  in  a  wooden  trough  lined  with 
pitch  and  covered  with  wood,  and  the  whole  buried  in  the  earth. 

The  method  of  conveying  intelligence  which  he  adopted  may  be  briefly 
described  as  follows ; — At  each  end  of  the  line  was  placed  a  clock  beating  dead 
Mconds,  having  upon  its  seconds  arbor  a  light  circular  brass  plate  divided  into 
twenty  equal  parta.  Each  division  was  marked  with  the  letters  of  the  alphabet 
leaving  out  the  letters  J,  y,  U,  W,  X,  and  Z ;  there  were  also  a  aeries  of  flgoras 
from  1  to  10,  and  ten  preparatory  signs.  Before  or  over  this  disc  was  fixed 
another  brass  plate,  which  had  an  aperture  of  such  dimensions  that  whilst  the 
liac  was  carried  round  by  motion  of  the  -clock  only  one  of  the  letters,  flgurei, 
or  preparatory  signs  upon  it,  could  be  seen  through  the  aperture  at  the  same 
lime.  In  front  of  the  clocks  a  Canton's  Electrometer  of  pith  balls  was  sus- 
pended by  an  inrulated  wire  communiuating  with  a  cylindrical  electrical 
machine  of  six  inches  diameter,  which  was  connected  with  the  line.  These 
clocks  were  adjusted  (by  a  method  described)  to  go  synchronously. 

Afteralarge  number  of  experiments  had  been  made  with  this  telegraph  and 
its  practicability  for  conveying  messages  bad  been  thoroughly  proved,  Bonalds 
decided  upon  bringing  his  invention  to  the  notice  of  the  Government.  This 
be  did  in  a  letter  to  the  Admiralty,  dated  the  11th  July,  1816,  after  which  he 
leceived  the  now  historical  note  from  the  Secretary  to  the  Admiralty,  dated 
the  39th  July,  1816,  saying  that  telegraphs  of  any  kind  were  wholly  unnecessary. 
The  whole  of  this  correspondence  is  given  in  the  Memoir. 

The  semaphore  telegraph,  which  was  then  in  use,  is  referred  to.  This 
telegraph  remained  in  nse  for  at  least  27  years  after  the  date  quoted,  and  formed 
the  subject  of  a  Parliamentary  return,  dated  the  3nd  May,  1813,  in  which  it  is 
stated  that  during  three  years  it  was  fbund  impossible  to  use  the  telegraph  from 
the  Admiralty  on  no  less  than  323  days. 

Besides  referring  to  the  many  uses  to  which  the  telegraph  was  applicable, 
be  foretold  in  his  wort  the  "  retardation  of  current,"  a  subject  which  occupied 
the  attention  of  electricians  during  the  early  days  of  submarine  telegraphy. 
Be  also  provided  for  repairing  and  testing  the  line,  and  says,  "Let  us  have 
eUctriail  cmveTtaziont  offices,  communicating  with  each  other  all  over  the 
Kingdom." 
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The  teleifrapli  of  Ronalds  whs  worked  hy  frictional  electricity,  and  altliDugh 
in  its  crude  form  it  might  not  have  been  at  once  capable  of  doing  all  thot  he 
promised,  yet  liitd  the  Admiralty  given  the  invention  a  fair  trial  in  1916,  it 
might  have  been  easily  improved,  and  the  whole  history  of  the  telegrapb 
would  in  all  probability  have  been  i^hangEd  ;  at  any  rate  its  powers  would 
have  been  eierciaed,  and  the  world  might  have  profited  by  its  advantages  hn^ 
before  1837, 

In  the  work  referred  to  he  described  several  novel  electrical  inBtmment!, 

Reference  is  made  to  the  controversy  between  Cooke  and  Wheatstone,  aid 
several  interesting  letters  from  Coube  and  others  are  qaotett  relating  to  tbi 
electric  telegraph. 

It  is  also  stated  that  Wheatstone  when  a  boy  was  present  at  soma  of  thg 
early  experiments  at  Hammersmith. 

In  1825  Ronalds  invented  a  perspective  tracing  Instrnment  to  tiuilitale 
drawing  from  uatnre,  a  description  of  whi^h  he  published.  He  also  pnbliahed, 
with  Dr.  Blair,  in  J 836  "Sketches  at  Carrac  ;  or  notes  concerning  the  prasent 
state  of  the  Oeltio  antiquities  in  that  anil  some  of  the  adjoining  Commnna." 
The  tracing  inetrament  was  need  in  procnring  exact  perspective  projectioDi 
from  given  noted  stations  of  the  antiquities  described  and  illustrated  in  the 

In  1843  Ronalds  was  appointed  the  first  Hon.  Director  and  Superintendeiit 
of  Kew  Observatory — a  position  which  he  held  for  nine  years.  During  thii 
period  he  wrote  several  full  and  interesting  reports  to  the  British  AsaociaticiB, 
of  which  body  lie  was  for  many  years  a  Memlier  of  Cooncil. 

He  was  on  the  lat  February,  181*.  e'ecteil  F.R.B. 

During  liia  directorship  of  Kew  Obatrvstory  he  invented  many  imjiortant 
instrnments  for  observing  meteurological  plienomena,  the  principal  and  m«t 
important  being  his  application  of  photofp-aphy  to  the  registration  of  atmo- 
spheric electricity,  and  terrestrial  magnetism,  &c.  These  inventions  contributed 
in  no  small  degree  to  the  advancement  iif  meteorological  and  magnetical  DbM^ 


1,  and  they  are  described  and  illi 
for  1847.  Part  I. 

Ronalds  received  a  grant  of  £50  fri 
constrQction  of  hia  self-registering  inst 
of  £100  for  the  purpose  of  an  exptv 
bequeathed  a  sum  of  £600  to  the  Boynl 
had  made  to  him. 

In  1852,  on  his  retirement  from 
received  a  small  Civil  List  pension  of 
coveries  in  electricity  and  magnetisu].' 

The  remainder  of  his  life  was  devo 
of  electrical  works,  and  to  Ihe  formatiu 
in  the  posseaaion  of  the  Society. 

On  the  lath  February,  1870,  he  v.i 
is  stated  in  a  letter  from  the  Right 
remarkable  labours  in  telegraphic  iivvp--ii;,ii;LniH." 

jStrFraiicu£oiialdBdiedontheBt,i' A.UKnBt,l&T3,&^' 


Fhitasophical  Transaetiov 

lie  Royal  Society  to  assist  him  in  the 
■nts,  and  he  received  a  farther  grant 
tal  trial  of  them.  At  his  deaOi  he 
ety  in  recognition  of  the  gnuite  tlwf 

of  Kew  ObservatoTT,  he 


npitatlon  of  bis  Catalogue 
LiMs'  Library,  which  is  now 


the  honour  of  knighthood  for,  Bi 
W.  E.  Gladstone,  "his  early  and 


M  buried  at  Battle. 
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—REMANENT  CHARGE  IK  LETDEN  JARS. 
{Annalen  dar  i'kysilc  und  CItemie,  B.  IX.,  H.  2.,  ISaO.iip.  IGl  308,) 
L  Koblranacli  published  ia  Poggendorff's  Aimalen,  in  1854,  tlie  first  qnanti- 
mfit  esperimentB  on  ttda  subject,  and  gave  an  empirical  formula  wliich  was 
Iciently  accurate  for  use  in  iis  eiperimenta  with  Wabar  when  maliicg  the 
|t  determination  of  the  ratio  of  electro- static  and  eleotro-magnBtio  units, 
rausch  did  not  base  his  formula  upon  any  theorjof  what  occurs  in  the 
The  author  comments  upon  the  methods  which  have  been  adopted 
Reiplain  the  phenomenon  in  accordance  with  the  received  viewa  on  elec- 
dty ;  Ehows  that  Wullner's  formula  (which  contains  an  exponential  of  time) 
Batisfactory,  and  refers  to  Bezold  in  Fogg.  Ann.  1861,  Maxwell's  theory 
(leterogeneity  o[  the  dielectric  he  says  is,  lite  oth«r  theories,  too  avtifldal ; 
I  Maxwell  himself  lays  particular  atresB  on  the  poasibJlity  of  other  yet 
L  phenoniena  being  the  cause  of  remanent  formation.  Biemanu, 
ng  on  the  supposition  of  an  anti-electric  power  in  matter,  obtained  in 
14  a  cliSerehtial  equation,  which  be  has  since  made  use  of ;  but  he  compared 
his  formulse  with  the  reanlts  of  experiments  of  an  unsuitable  kind.  The 
author  shows  how  unsuitable  were  observations  on  the  change  of  potential  in 
ID  insulated  jar,  and  he  proceeds  to  describe  his  own  experiments  to  measure 
tlie  current  at  everj'  instant  flowing  into  a  jar  under  the  influence  of  a 
constant  very  large  battery.  This  current  -could  not  be  measurad  directly  by 
a  (,'ilvanometer,  and  he  obtained  a  measure  by  suddenly  insulating,  measuring 
tliange  of  potential  in  one-quarter  or  one  minute  or  longer,  then  connecting 
again  with  battery  and  repeating  bis  short  insulation  as  soon  as  the  needle  of 
tii  electrometer  became  steady.  The  author  writes  at  length  upon  difficulties 
il  observation  and  upon  the  details  of  his  aiethoii. 

He  first  tried  one  hundred  Leclanchtf'a  cells,  but  the  electromotive  force 
was  too  variable,  and  failing  to  get  aatis&ictory  results  with  Lodge's  form  of 
DoU  he  used  a  much  more  constant  Daniell's  battery  of  his  own  construction, 
la  measuring  time  he  might  possibly  have  met  with  errors  of  2  per  cent,  in  in- 
inlationa  of  one-quarter  minute ;  measurements  of  longer  periods  having 
amaller  errors.  In  considering  hia  method  of  measurement  of  current  he  first 
examines  an  expression  for  potential  at  the  end  of  a  given  time  of  insulation,  a 
single  exponential  of  the  time,  and  shows  that  this  is  not  auflicient  fir  his  pur. 
poae,    "WliGB  P,  the  electromotive  force,  is  conscant  the  current  is 

P  (a  +  6  a,) 
where  Q  vanishes  for  negative  values  of  t  and  for  i  —  cc .  He  finds  that 
Q  =  (""  is  an  expression  which  satisfies  his  experiments  Yer\  well  indeed,  but 
it  is  open  to  the  objection  that  when  we  construct  the  coiresponding  formula 
for  current  under  varying  electromotive  force  on  the  law  of  auperposition,  the 
expression  is  certainly  wrong.  Hence  the  authjr  says  that  hia  erapirica 
fbrnkula  must  only  be  used  to  correct  his  observations,  and  he  devotes  several 
pages  of  hia  paper  to  the  explanation  of  these  reductions.  He  then  proceeds  to 
give  tables  showing  the  correctness  of  the  empirical  formula 
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i  being  carrent  and  t  time  from  tlie  beginning  of  charging,  and  afterward! 
ahowB  that  the  temperature  of  a  Leyden  jar  has  a  very  great  influence  upon 
tlia  valaes  of  the  conatanta  a,  b,  m,  30  that  it  is  absolutely  necessary  during  id 
experiment  to  keep  a  coDdtnaer  at  constant  temperature.  The  following  tbIuvs 
of  these  constaniB  have  been  aelected  from  the  paper : — 


T 


- 

.. 

«. 

T.nip, 

FlMkNo.l.           ( 
Qtasa  of  Warmbrunn.  / 

■001095 
■00131 
■00083 
■0C07i9 

•016955 
■02058 
■021212 
017841 

0-6GG5 
0'6282 
0^6I93 
0-6710 

? 

ai-6fi 

St'4 
14-6 

Flask  No.  2.             ( 

Very  non-conducting    j 
French  Crystal  Glass.   ( 

-■OO0O23 
■OOOIS 
■000105 

■005631 
■005733 
■006985 

■7031 
'7684 

■7406 

20-56 
19-S 

as-B 

Flask  No,  3. 

■00103 

■02970* 

■6667 

18-05 

The  author  also  gives  resulta  ohtained  by  charging  condensers  from  inter^ 
Diittertt  current  dynamo -electric  machines. 

Tbe  rest  of  the  paper  is  devoted  to  a  long  and  carefnl  process  of  testing 
the  truth  of  Biemann's  hypothesis  ;  and  the  author  shows  that  -whether  ire 
assume  the  original  hypothesis  of  Hiemann,  or  its  form  as  modified  b; 
Helmholtz  (in  which  the  electricity  ia  supposed  to  enter  the  dielectric  only  to 
a  short  distance},  we  find  that  it  disagrees  with  his  observations.  Indeed,  for 
five  values  of  the  observations,  the  deviations  from  truth  are  greater  than  tbe 
empirical  formula  gave  for  all  the  twenty  observations,  and  there  seem  to  be 
radical  discrepancies. 

The  outsides  of  his  condensers  were  of  tinfoil,  the  inaides  concentrated 
sulphuric  acid ;  the  author  found  that  he  had  to  keep  them  short-circuited  for 
weeks  to  get  rid  of  remanent  electricity,  and  that  there  were  independent 
charges  in  the  jar,  which  did  not,  however,  amount  to  more  than  0-3  of  s 
Dauiell.     He  discusses  this  part  of  his  subiect  at  some  length. 
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»  Eighty-eightli  Ordinary  General  Meetii^  of  the  Society  was 
held  on  Wednesday  evening,  April  28th,  1880,  at  the 
Institution  of  Civil  Engineers,  25,  Great  George  Street, 
Westminster — Mr.  W.  H.  Peeece,  President,  in  the  Chair. 


were  read,  and  the  names  of 
:d,  after  which  the  Presi- 


I  The  minutes  of  the  last 

sferees  and  new  candidates 
ent  asked  Professor  Ayrton  to  : 

NOTE  ON  THE  BURNING  OF  THE  POSITIVE  CARBONS 
IN  THE  ELECTRIC  ARC. 

By  J.  D.  F.  AndeewS  (Student). 
W I  have  had  opportunities  of  making  some  measurements  of  the 
i  of  positive  carbons  with  various  strengths  of  current,  at 
9,  Siemens  Brothers'  works,  and  I  find  that  the  area  of  the  crater 
is  directly  proportional  to  the  quantity  of  current  producing  it.  To 
make  measurements  in  this  way,  tLe  light  should  burn  quite 
fiteadily  and  quietly  for  at  least  half-an-hour  with  an  arc  of  about 
A" ;  with  this  arc  the  depth  of  the  crater  is  veiy  small,  and  need 
not  be  taken  into  consideration.  When  the  crater  is  cold,  the 
diameter  may  be  measured  with  a  rule  divided  into  64ths  or 
lOOtha  of  an  inch.  The  table  shows  how  measurements  taken  in 
B  way  agree  with  those  taken  by  other  methods;  the  42  weber 
inrements  is  the  mean  of  30,  and  may  be  taken  as  a  ctjn?.\,aQX. 
Q 
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140" 
156" 


■203" 
■266" 


■453" 


■0196" 
•0243" 
■0272" 
•0324" 
■0556" 
■0825" 
■1602" 


QnastitifiB  of 
Cur.  in  webera, 


29 
42 
81 


Quantities  oE 
Cur.  in  webets, 
cni.  from  Cntera 


124 

13^8 
165 


1 


42-0 
81-6 


If  tbe  light  should  be  accompanied  ■with  noise,  it  will  be  found   i 
that  the  turning  end  of  tbe  positive  carbon  is  covered  with  A 
number  of  small  craters — showing  that  the  arc  had  been  raovinf 
about  irregularly;  and  on  watching  the  arc  it  will  be  noticeJ 
besides  its  moving  about,  that  a  number  of  very  small  ares  al 
trying  to  spread   over   the    end  of    the    positive   carbon,  e»d 
detonating  the  air,  and  thus  causing  the  hissing  noise,  which 
venture  to  say  is  not  due  to  impurities,  but  to  the  positive  carba 
being  too  hard  to  disintegrate  to  its  proper  shape,  and  conseqnenfl 
having  too  large  a  surface  for  the  arc  to  try  to  spread  itself  c 
if  the  arc  be  disturbed  by  blowing  it  or  shaking  the  carbons,  t 
noise  will  be  more  readily  produced. 

J.  D.  F.  ANDREWS. 

ChsrltoQ. 

Professor  Ayrton    then   gave   an  account   of   the  followil 
paper : — 

ON  THE  RESISTANCE  OF  GALVANOMETERS. 
By  Oliveb  Heatisidb  (Associate). 

The  well-known  result  that  the  resistance  of  a  galvanomet 
coil  of  given  size  should  equal  tbe  external  resistance  in  order 
obtain  the  greatest  magnetic  force  is  easily  verified.  If  G  is  tl 
magnetic  force  at  the  centre  of  the  coil  for  unit  current  in  tha 
coil,  and  M  the  magnetic  force  due  to  the  current  y,  then 
M  =  y  G.  Also,  by  Ohm's  law,  if  R  and  r  are  the  resistances  ni^ 
the  galvanometer  and  of  the  rest  of  the  circuit,  and  E  the  elecl 
motive  force,  v  =  E  ->  (R  +  r).    "Whence 
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M—   ^Q  n  \ 

""~    ^ •  •••  •••  •••  •••      \M,%^ 

Jt  +  r 

Here  O  =  ^  {,  where  I  is  the  length  of  wire  in  the  coil,  and  g  the 
mean  value  of  G  per  unit  of  length  throughout  the  space  occupied 
by  the  coil,  and  therefore  the  same  for  different  sizes  of  wire. 
Now,  if  we  neglect  the  thickness  of  the  covering  of  the  wire,  it  is 
easily  seen  that  the  resistance  of  the  coil  varies  as  the  square  of 
the  length  of  the  wire.  Thus,  in  (1)  Q  cc  I  and  B  oc  Z",  and 
therefore  M  is  a  maximum  when  B  =  r. 

In  the  next  place,  suppose  the  thickness  of  the  covering  is 
constant :  let  the  radius  of  the  wire  =  y  and  of  the  covered  wire 
=  3^  +  6>  then  the  volume  V  of  the  coil  is 

If  p  =  the  specific  resistance  of  the  wire 

B  =  £?- 

Also  Q  =flf  Z,  as  before.  Therefore  in  (1),  Q  oc  (y  +  6)"",  and 
B  oc  y~^(y  +  b)"  *,  and  M  is  a  maximum  when 

B  :  r  —  y  :  y  +  6, 

or  the  resistance  of  the  galvanometer  should  be  to  the  external 
resistance  as  the  radius  of  the  bare  wire  is  to  the  radius  of  the 
covered  wire.     (Maxwell,  11.,  Art.  716.) 

But  if  we  suppose  that  the  radius  of  the  covered  wire  bears  a 
constant  ratio  to  the  radius  of  the  wire  itself,  the  result  is  again 
B  =  r.    For  let  the  radius  of  the  covered  wire  =  Py^  then 

Thus,  in  (1),  G  oc  y"*  and  B  ic  y^\  and  therefore  M  is  a  maxi. 
mum  when  B  =  r. 

In  the  above,  the  form  of  the  channel  in  which  the  wire  is 
wound  is  arbitrary,  and  the  thickness  of  the  wire  the  same 
throughout  the  coiL  But  when  the  windings  are  circles  there  is  a 
certain  form  of  coil  whidi  gives  the  greatest  magnetic  force  at  the 
centre  of  the  coil  for  a  given  length  of  wire.  The  wire  should  be 
wound  in  layeis  on  sur&ces  defined  by  the  polar  equation 
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where  r  is  the  distance  of  a  oircle  of  wire  from  the  centre  of  the 
coil,  d  the  angle  between  r  and  the  axis  of  the  coil,  and  x  a 
constant  determining  the  linear  dimension  of  the  layer.  With 
this  form  of  coil,  if  the  ratio  of  the  radius  of  the  covered  to  tlie 
radius  of  the  bare  wire  is  constant,  the  diameter  of  the  wire  in 
any  layer  should  vary  as  the  linear  dimension  of  the  layer  to  get 
the  greatest  electro-magnetic   effect.     (Maxwell,  II.,  Art.  719.) 

Under  these  circumstances,  what  should  the  resistance  of  the 
coil  be  ?  Professors  Ayrton  and  Perry  asked  this  question,  and  their 
answer  was,  R  =  r  again  {JotLi-nal  Society  Telegraph  E-ngvneers, 
vol.  vii.,  p.  297).  For  so  simple  a  result  to  arise  out  of  such 
plexity  is  rather  striking,  and,  being  lately  occupied  with  a  similw 
question,  I  looked  for  the  reason  of  this  result.  It  appears  not  to 
depend  on  the  particular  form  of  coil  considered,  nor  on  the  par- 
ticular law  governing  tbe  diameter  of  the  wire  in  the  different 
layers,  but  solely  upon  the  assumption  of  a  constant  ratio  between 
the  radius  of  the  covered  and  of  the  bare  wire. 

Thus,  let  y  =  variable  radius  of  the  wire  itself,   and  z  = 
variable  radius  of  the  covered  wire.     Then 

But  since  the  coil  is  a  figure  of  revolution 

V  =  2  TT /TV ain.  edrdS. 
Let  the  limits  of  integration  for  r  be  iBb/(5)  and  x,f(d).    Then 
V  =  2  ^y'if  {e)y  sin.  e.  d e.  ''^-~  =  ^  N  («]  -  a^) 
where  N  is  a  numerical  constant.     Therefore 

where  d  V  is  the  volume  of  the  layer  corresponding  io  dx,  and  ( 
the  length  of  wire  in  the  layer.     Thus, 
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M  — Ej 


I 


f^ 


P  rNx^dx 


a  constant,  then 

1^  r'^ic'  dx 


Nx'dx 


-  +  r 


J  y  ia  constant  with  respect  to  x,  I  o:  y-^  and  R  oc  ^ ',  so  that 
t  is  a  maximum  when  R  =  r.  If  ^  =  o  a;,  the  same  result 
dHows.  But  y  may  be  any  function  of  x  ;'say  y  ==  aijt  («),  where 
f  determines  the  law  of  variation  of  the  radius  of  the  wire  from 
llyer  to  layer,  and  a  fixes  the  actual  size  of  the  wire.  Then 
1     rHx^dx 


M- 


Efidr-^-Ej 


u- 


Hafdx 


J  before,  R  ^  t  makes  1 


a  maximum : 


for 


Let  a  vary,  then, 
:  a~  ^  and  R  oc  a~*. 

Thus  R  =  r  makes  M  a  maximum  when  the  diameter  of  the 

ea  in  different  layers  is  arbitrary  and  the  form  of  the  layers 

riiitrary  (except  that  they  are  similar  surfaces   of  revolution), 

ivided  that  s  =  ^  y.     Other  relations  between  3  and  y  of  course 

Ire  other  results. 

The  following  is  more  general :   Take  a  long  wire  of  circular 

flection,  whose  radius  varies  continuously  along  its  length,  and  let 

it  be  covered  so  that  the  thickness  of  the  covering  along  its  length 

varies  in  the  same  manner  ;  i.e.,  s   :  y  =  constant  everywhere. 

Now  wind  this  wire  into  a  coil  of  any  shape  and  section.     It  will 

have  a  certain  resistance,  and  the  unit  current  in  it  will  produce 

a  certain  m;^netic  force  at  any  point.     Now,  if  ihe  radius  of  the 

wire  is  everywhere  reduced  to-^th  part,  and  the  same  space  is 

filled,  we  have  everywhere  n'  wires  instead  of  one  ;  therefore  the 

Letic  force  due  to  the  unit  current  in  an  element  of  length  of 

original  wire  is  increased  n^  times  by  the  unit  current  notj 
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passing  in  n'  wires  instead  of  one,  and  the  resistance  is  increased 
m'  times  by  the  change.  Since  the  same  is  true  for  each  element 
of  length  of  the  original  wire,  it  follows  that  the  magnetic  force 
due  to  the  unit  current  in  the  whole  coil  varies  inversely  as  the 
square  of  the  radius  of  the  wire,  and  the  resistance  of  the  coil 
inversely  as  the  fourth  power  of  the  same.     Therefore, 

vhere  A  and  B  are  constants  depending  on  the  form  and  dimen- 
BioDB  of  the  coil,  and  a  determines  the  actual  radius  of  the  wire  at 
any  part.    Vary  a,  then  M  is  a  maximum  when  E  ^  r  as  before. 

A  vote  of  thanks  having  been  cordially  voted  to  Mr.  Heaviside, 
the  Secretary  read  an  abstract  of  the  following  paper : — 

ON  THE  DETERMINATION  OF  THE  POSITION  OF 
FAULTS  IN  A  CABLE  WHEN  TWO  EXIST  AT 
THE    SAME    TIME. 

By  C.  HocKiN,  M.A.  (Member). 

It  is  well  known  that  the  necessary  data  for  determining  the 
positions  of  two  co-existent  faults  in  a  submarine  cable  cannot 
obtained  by  the  methods  in  ordinary  use,  such  as  taking  the  re- 
sistance from  either  end,  the  conditions  at  the  further  end  be! 
varied. 

As  the  reason  of  this  is  not  very  apparent,  and  since  a  complete 
analysis  of  thu  case  has  not,  to  my  knowledge,  been  published, 
some  of  your  readers  may  be  interested  in  the  following  investi- 
gation. 

Suppose  a  submarine  cable  to  have  two  faults  in  it,  and  suppose 
also  that  a  return  line,  which  is  perfect,  is  available. 

The  data  obtainable  by  measurements  of  resistance,  pntentii 
and  current,  are  as  follows : — 

1.  The  resiatance  from  the  end  A,  the  end  B  being  free,  i 

thisK. 

2.  The  resistance  from  the  end  B,  the  end  A  being  free,  i 

this  R'. 


ibdfl 


p 
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3.  The  resistance  from  the  end  A,  the  end  B  being  earthed, 

call  this  T. 
i.  The  resistance  from  the  end  B,  the  end  A  being  earthed, 

call  this  r', 

5.  The  resistance  of  the  circuit  A  C  B,  the  ends  A  and  B  both 

free,  call  this  p. 

6.  The  resistance  obtained  by  looping  the  ends  A  and  B  and 

then  measuring  the  resistance  between  the  looped  circuit 
to  earth,  call  this  p'. 

7.  Two  resistances,  t  and  fit,  may  be  inserted  and  adjusted  so 

that  no  current  flows  through  G,  and  so  the  position  of  a 
"resultant  fault"  may  be  obtained  depending  on  the 
ratio  fi. 

8.  We  may  measure  the  resistance  from  A  and  at  the  same 

time  the  potential  at  B  supposed  free.  If  the  potential 
at  A  is  V,  call  that  at  B     nV. 

9.  The  same  observations  may  lie  made,  reversing  the  con- 

ditions at  the  ends  A  and  Bj  let  n  become  n'  in  this  case. 

10.  We  may  measure  the  resistance  from  A  and  the  current 

flowing  through  B  to  earth  at  the  same  instant.     If  V  is 

the  potential  at  A,  let  —  V  be  the  current  through  B  at 
the  same  time. 

11.  As  before,  the  conditions  at  the  ends  may  he  reversed,  let 
s  become  s'  in  this  case. 

Let  /  be  resistance  of  the  fault  nearest  the  end  A. 
Let/  be  resistance  of  the  fault  nearest  the  end  B. 
Let  X  be  resistance  between  A  and  the  nearest  fault/  measured 

along  the  cable. 
Let  y  be  resistance  between  B  and  the  nearest  fault  /  meaeured 

along  the  cable. 
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Let  z  be  lesbtance  between  the  faults,  measured  along  the  ' 
cable. 

Let  I  be  resistance  of  wbole  line  so  that  I  =  x  +  y  +  z. 

Of  the  eleven  data  above  mentioned  three  only  (numbers  5,  ^ 
and  7)  require  for  their  deternaination  a  return  wire. 

At  first  assume  that  the  resistance  of  the  faults  is  constaut 
under  all  conditions. 

From  the  eleven  observations  as  many  equations  can  be  formeii 
connecting  the  four  unknown  quantities,  /,/,  x,y.  It  is  to  ba 
shown,  what  is  not  at  first  sight  apparent,  that  these  equations 
yield  but  one  relation  between  x,  y,  z,  and  so  do  not  determine  tbd 
pasitioD  of  the  fault. 

The  equations  may  at  once  be  written  down. 


E  = 


'+/  +  /'  +  » 


/(-%^) 


/+Z  + 


Jill 


J±linl 


p=«+..:-i^... 

5. 

p'  is  thug  determined. 

Let  7,  7',  and  T  be  the  currents  in  x,  y,  s  ir 

the  directioM 

indicated  by  the  arrows.     Then 

p  (7  +  7')  =  7a;  +  (7  -  r)/ 

iy  -  Vz  -  'fx  =  0 

r.  +  (r  +  y)/  +  (r-7)/ 

=  0 

liminating  7',  7,  V 

, 

p,  p  -"  -f,       f 

^ 

y.      -m       ,      -2 

= 

0.    ^B 

Ek 

/',        -/           ,/  +  2+/ 

fl 
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From  the  second  oolunm  of  the  determinant  deduct  the  difference 
between  the  first  and  third,  then 

y,  -  U      -z  =0, 


Or 


6. 


II  is  readily  found  by  observing  that  y  =  fiy\    Hence 

(x  —  fiy)y-\-Tz  =  o 
Tz+  {T-¥fiy)f  +  (r-7)/=o 

••.  (/^/  -/)^  =  (x  -  fiy)  {z  +f  +  n 

f  X  +  f(x  +  z)  +  xz 
^^yz-^fy  -^f{y  +  z)'- 


•  •  •     •  •  • 


For  n  we  have  at  once 


/'         X 


So 


n'  = 


f 


R' 


•  •  •         •  •  • 


f+z^Bf-y 

For  8  the  expression  is  a  little  more  complex, 
1  _  1       f  y       r  --  X  1 


•  •• 


»     y'  y  -^  f ' 


X 


z  + 


yf 


So 


1 


fx 


r  -  y    

as'f  +  x'      y      '  ^  ^ 


1 


«/ 


x+f 

f  +  f  have  now  to  be  eliminated  between  these  equations. 

(1)  +  (2)  -  (5)  yields 

2// 

(1)  -  (2)  +  (6)  yields 

R_R'  +  p  _  2 -B  =  jq^-^rqr^. 


So 


2f'  z 


7. 


8. 


9. 


10. 


11. 


r 
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Also  from  (5) 


we  have  therefore 


iff  -. 


2/  = 


l-p 


'f+f  +' 
^  (E  +  E'  -  />)     ... 
(R  -  E'  +  p  -  2  s) 
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14, 


2/'  =  i 

Comparing  the  first  of  these  equatiooB  with  the  product  of  M 
second  and  third 

2  (I  -  p)  (E  +  E'  -  p)  =  (E  -  E'  +  p  -  2 1)     j 
(K  -  E  +  p  -  2jr) 
or  >  15. 

p"  +  (K  -  K')'  +  2  (E  +  K)  (!  -  p)  +  2  {E  -  R')  1 
{y  —  x) —2pz  +  ixy  =  o  ] 

the  only  relation  to  be  obtained  between  X  and  y. 
Equation  3  becomes 

^      ^   ,       fy'+ff'i.y  +  ') 

!( (B  -  K  +  p  -  2x)  +  (E  +  R'  -  p)  (y  +  g) 


2!(  +  R  +  R'-p  +  R'-E  +  p-2 
y  (E  -  E'  +  p  -  2 1)  +  (E  +  B'  -  p)  (y  +  8) 


Or 

2rE'  =  E(2y  +  s)  +  E'  (2a!  +  i:)  -  pa  -  2xy 

=  !  (E  +  R')  +  (R  -  B')  (y  -  i)  -  p  »  -  21} 
.'.  from  equation  15 

4rE'  =  2p  {E  +  E')  -  p'  -  (E  -  R)" 

=  4RR'  -  (E  +  E' -  p)"        18. 

From  symmetry  we  have  also 

4i-'E=  4BE' -  (R  +  B'-p)'      11, 
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The  equation  6  may  be  written 

,      xy  (J  +  f  +  z)  +  Iff  +  yzf+  xzf 
^  ~  IW+f+z)  -«• 

2xy-i-l(R  +  R'-p)  +  (R-B/)(y-x)+p(x  +  y)-4xy 

2l-2l+2p 

.:.2pp'  =  li'R  +  'R')  +  (U-n')(y-x)  -pz-2xy    18. 

.%,  by  equation  (16), 

•:•  4pp'  =  4 R R'  -  (R  +  R'  -  pf. 
Again  for  /i  we  have 

_  2x  +  'R—'R'+p-2x 
-  2y  +  R'  -B.  +  p-2y 

_  R  -  R'  +  p 
~  R'  -  R  +  p 

u  -  1       R  -  R' 

Also 

From  equation  (1) 

//' 


•    •  I       1     ^^  •••         •••         •••         •••         ••• 


19. 


2  Ilk  R  =  R  +  R  —  p 20. 

Whence  2«'R'  =  R  +  R'  -  p 21. 

For  6  we  have 

1  /'         r  -X  1 


s~y+f'      r     '  yf 

f  +  y' 
-     f  fy<:+ff'{y  +  ») 
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^.  by  expression  for  /j' 

l_ /'  /yg  +//'(y  +  g) 


'v+r  (!/  +  '•)  n/+r  +  ') 

-s" 

if 

Hf+r  +  ^t-:^ 

R  +  K'-/)          E  +  E'-p 
2i-2(J-rt               ip 

22.  J 


Whence  by  eymmetry  s  =  s',  or  the  current  flowing  through  ti 
end  B  when  a  battery  is  applied  to  A  is  the  Game  aa  that  flowi 
through  the  end  A  when  the  battery  la  applied  to  B. 

Collecting  the  equations  they  may  he  written 

/x  +  1  p 

4Er'  =  4R'r  =  4/)/  =  2s(R  +  R'-p)  =  2s'(R  +  It'-p)l.2a 
=  4eRii  =  4sR'w'  =  4KR'-(R  +  R'-p)' 

=  2liR  +  R')  +  2iR'-'R)(x-y)-2pz-ixy 

The  nine  equations,  S3,  are  the  result  of  eliminating/ and/  | 
from  equationa  1  to  11,  and  give  eight  equations  of  identity 
betweeu  the  observed  quantities  R,  R',  p,  p',  n,  n',  s,  a',  r,  ■r',11.. 
and  one  relation  only  between  x  y  3  and  these  quantities.  In 
practice  tlie  equations  of  identity  would  not  hold  accuratelj, 
because  in  forming  them  it  is  supposed  tbat  the  resistance  of  the 
faults  remains  constant,  a  condition  that  would  not  hold  in  practice, 
for  the  resistance  of  a  fault  is  commonly  a  function  of  the  strengtli 
and  direction  of  the  current  by  which  it  is  measured,  and  hotii 
these  quantities  would  vary  in  measuring  p'  and  p,  E  and  p,  i&c. 

There  remains  the  method  of  discharge.  To  this  method  the 
objections  above  given  apply  with  much  less  force,  because  all  that 
is  needful  is  that  the  resistance  of  the  faults  remain  constant 
during  the  time  of  discharge,  a  quantity  not  exceeding  (unless  very 
great  accuracy  is  aimed  at)  a  few  saconds,  in  the  case  of  the  longest 
cable. 
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Let  connections  be  arranged  as  below : 
o  ^  ^ 

^        jr         u  sf  r  y 


A' 

f 

□ 

At  A  a  key  connects  the  cable  first  with  a  battery  through  the 
galvanometer  G,  then  with  earth  through  the  galvanometer  Qi. 
The  key  A  has  a  very  powerful  spring,  changing  the  contacts  in  a 
veiy  small  fraction  of  a  second. 

The  deflection  on  G  measures  the  resistance  of  the  circuit 

The  throw  on  Gi,  the  discharge  from  the  cable. 

/,  /'  are  the  resistances  of  the  faults  at  C  and  D  respectively. 

u,  V  are  the  potentials  of  the  faults  at  C  and  D  respectively. 

g,  g\  the  quantity  of  electricity  discharged  at  C  and  D  re- 
spectively. 

Q  the  quantity  discharged  at  A. 

q,  q\  the  quantities  discharged  from  the  portion  of  the  circuit. 

C,  D  at  the  points  C  and  D. 

n,  Y  is  the  potential  at  B  measured  by  an  electrometer  or 
otherwise.     The  rest  of  the  notation  as  before. 

By  measuring  at  the  same,  or  nearly  the  same  instant,  the 
quantities  Q,  B,  n,  three  relations  between  these  quantities  and 
/,  /'  are  given,  by  eliminating  f,  f  there  results  one  relation 
between  x^  y^  z.  By  repeating  the  measurements,  the  conditions 
of  the  ends  being  reversed,  a  second  relation  between  x,  y,  z  m 
given,  and  these  combined  with  ?  =  a?  +  y  +  0,  fix  the  position 
of  each  fault. 

If  1/  is  the  potential  at  any  point  at  the  time  t  distant  from  one 
end  of  a  portion  of  cable  by  a  length,  the  resistance  of  which  is  x\ 
and  if  B  is  the  resistance  and  C  the  capacity  of  the  cable  per  unit 
length,  if  y'  is  the  current  at  the  same  point  measured  in  the 
same  direction  as  x\  and  if  i6,  v  are  the  initial  and  0  the  final 
potentials  at  the  extremities  corresponding  to  x'  =  o,  and  x'  =  {, 
then,  as  usual,  the  current  being  supposed  constant  at  first. 

<?  v'  _  ^   dt/  ^  dv 
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Integrate  twice  with  regard  to  x'  first  from  ai'  =  a;  to  fl 
secondly  from  a;  =  i  to  a;  =  o,  and  tiien  with  r^ard  to  I 
t  =  oc  to  t  =  0,  we  obtain 


flv'  -t/  +  ly)dt  =   -  kcff\u 


u)}dai 


-||(<.  +  2») 


Applying  this  equation  to  the  sections  of  cable  of  redstanc 
and  remembering  that  /     u  dt  is/5,  ^''^  example,  t 

.■.  v'  vamahes  except  when  (  =  o. 

ic  =  o. 

/'  g'  -  /}  +  :l  J,  =   -  J 
t  the  resistsuce  of  G,  being  neglected. 

Again,  because  the  cable  is  totally  discharged, 

<3  +  3  +  9'  =1  {"!'  +  3-(''  +  «)^  +  2(l«  +  V)»j. 

5,  +  ?.  =  -  2  J  »  (»  +  «) 
becanse  the  section  2  is  discharged. 


2v.  +  v) 


S'  +  5,  =  oj(j  

because  the  section  y  is  discharged. 
(27)  +  (28)  -  (29)  gives 

Q  +  5  +  !.  =  I^(<'  + V)|. 
Substituting  for  q,  aod  q'  in  equation  26, 

Q  (2  +  /')  +  5  (/  +  /'  +  s)  =  5  8-  f  (2  »  +  o) 

+  /{«S  +  i('«  +  '')2  + j(«  + V)»  ]| 

+  j^4(«  +  Y)        


+  z 
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# 

Eliminating  q  between  equations  25  and  -80, 

Q.*  {»(/  +  /' +  «)+/(«+/')} 

=  !«•(/  +  /'  +  «)  (2  V  +  u)  +  ira«/(2u  +  v)  +  2/»»(«+V) 

+  //'{  ^y  +  "^  (■«*  +  ^)  «  +  2  ^^  ''"  ^^  *}        ^^' 

We  have  now  to  express/,/',  u,vm.  terms  of *  R, «  and  V. 

By  what  precedes, 

ff  +f(x  +  z)  +fx  +  xz  _  f(J' 

^  =  frf  ^z  -«i  +  f^f 

_  ff ff,  ^^ 

^  -  ff  +  f  ix  +  z)  +  f  X  +  xz  -  ¥   ^y- 

//' 
...  an  —  y  _^_  y,  _^_  g 

fz 
.:.  -Ril-n)  -X  =f  +  f'  +  g 

z(f'  +  z) 
»-R  (!-■»)  +  «  =  ^  ^  y/  +  g 

Whence  g  (R  —  te)  , 

«-R(l-«)+»      •' 

Tinz  J., 

R  (1  -  ■»)  -  a;  ■"  -^ 

n-e=:ff' 

RQ.-n)  -X      J    ^  ^ 

R  —  «„ 
«  =  — g-V 

To  simplify  the  notation  assume  that  Q  is  the  quantity  of 
electricity  discharged  by  a  length  of  c^We  of  resistance  a,  charged 
to  a  potential  V. 
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Then,  substituting  in  equation  (SI.))  and  multiplying  by  6, 
6a(iY  =  6a.ff'l 

.     ,    ,    2R  +  Rw  -  2aj 
+  ^'f-  R 

+  3//'  |2fl,y  +^ — ^ z  + — g — ajj 

2R  -  as 


+  Sfxz 


R      • 


Dividiog  this  equation  by//'  and  substituting  for  the  functions 
of /and/'. 

a  (R  -  «)  g*       3R  -a; 


,  (R  1  -  TO  -  ic)  (Rw  +  2  -  2  a;) 

+  6ny  +  3(l  +  TO)a-3^  +  6aj-3j 

2  R  -  as  ,„  r 

+  3xz   -p.  (R  1  —  n  —  X). 

Rearranging  the  terms 

„a        ,3R  —  a;,-         .„  „a? 

^Tv^'^-W^  +6TOy  +  6«-3g 

„     2R-a;,„-i 

+  3  a;  — p,        (R 1  —  -n-  —  aj) 


(Rl  -  TO  -  a;)  (R2  +  to  -  2 as) 

+  30  +  3to0  -  3  g- 
=  Qnl  +  ]^{6R'(1  -«')  -  6Ra!-2a!'| 

+  Br;i{R*(2+2«-4ft*)-2Ra;(2  +  n)+2a!'} 
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Dividing  by  2,  and  putting  the  term  Gnl  on  the  left-hand  side, 
a-n'l  ^      =     ,j^  j-^7^  _    .  ,j^  I  +  ■in  -  x 

+  ^y^  I R^  -  (R  —  «)'  -  3  R'  )i'  a;  I 

_  3  (a  -  ^  ft°)  R'  -  R'  +  3  R°  n.''  x  -  (R  -  a;)' 
^  ~  (.R  (1  -  11)  -  X)  (E.  (1  +  2~n)  -  x)  ^^ 

In  like  manner  by  observing  the  discharge  and  resistance  from 
end  B,  and  the  potential  at  the  end  A,  assuming  a  R,  «.  to 
Ijecome  a',  R',  n'. 

Z{a-  -I  n"-)  R-^  -  R-^  +  3  R"  n''  y  -  (R'  -  yT    „. 
(R'  (1  -  n')  -  y)  (R'  (1  +  2  7.')  -  y)  **'*■ 

from  equations  32  and  33  x  and  y  can  be  determined. 

We  might  substitute  for  s  from  equation  32  in  equation  33, 
and  form  an  equation  in  x  only,  but  the  equation  is  of  the  seventh 
order,  and  would  be  very  trLiublesomo  to  solve  numerically. 

jad  of  this  it  is  not  difficult  to  solve  the  equations  by  trial. 
Assume  R  —  a: 

— RT    =" 
and  s  -.  f  R 

then  q  ^ 


■\  +  Z-n?  —  An^s  - 


34. 


^  ~  {8  -  n)  {b  +  2n) 

g  must  be  less  than  unity,  and  not  less  than  n  where  n  is  less  than 
unity. 

The  process  of  solution  would  be  as  follows  : — 

Assume  for  a  first  the  value  — g —   ^°*i  calculate  the  corre- 
Bpooding  value  of  f  in  equation  34. 
then  a:  =  E(l  -  s),  s  =  ?R 

irhence  2/  =  i  —  E(l—  s)  —  ^B.. 

Substitute  this  value  of  y  in  equation  33,  and  calculate  the 
corresponding  value  of  z  if  this  value  is  the  same  as  the  value 

found  for  s  from  equation  34,  the  problem  is  solved,  if  it  is  -j  i^ 

TOL.  EE.  R 
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than  that  from  equation  34  then  y  is  two  -j  ^g^^  r  ^^^  oj  +  « too 
small  I  ^^j  because  in  equation  32  the  greater  x  is  the  greater  z  is 
it  follows  that  a  |  J^^S°®^  J.  value  of  x  must  chosen.  Try  ne^t  then 

\(n  +|(l+n))for« 

and  so  on  on  each  trial,  halving  the  interval  between  the  last  value 
of  8  tried,  and  either  n^  or  unity,  as  the  value  of  0  in  equation  33 
is  greater  or  less  than  that  from  equation  34,  until  two  values  are 
found  between  which  a  lies  when  the  intervals  between  successive 
values  tried  may  be  halved. 

.  In  this  way  a  few  trials  will  give  x,  y,  z  with  considerable 
accuracy,  and  with  no  very  great  amount  of  arithmetical  labour. 
In  practice,  of  course,  the  process  will  be  shortened  often  by 
previous  knowledge  or  by  the  inspection  of  the  values  of  z  found 
from  the  two  first  trials,  indicating  a  better  value  of  s  to  try  for 
the  third  trial  than  that  given  by  the  foregoing  rule. 

As  to  the  practical  details  of  the  observations. 

The  potentials  at  A  and  B  must  be  measured  in  terms  of  a 
known  standard  of  electro-motive  force,  suppose  a  Clark's  cell. 
The  methods  of  doing  this  are  too  well  known  to  need  more  than 
a  reference  to  them  here.  ^ 

The  effect  of  earth  currents  must  be  eliminated  in  the  measure- 
ment  of  R  by  reading  to  a  "  false  zero  "  on  the  galvanometer  G, 


than 
clear 


That  hut  one  value  of  0,  1/,  z  can  satisfy  these 
equations  within  the  possible  limits  may  be  shown 
thus : — 

Treating  s  and  ^  as  co-ordinates,  equation  82  rep- 
resents a  curve  of  the  3rd  degree  with  a  double  point 
at  infinity.  The  asymptotes  are  S  =  n,  S  =  —  2fs 
«  -f-  C  =  ^*  Again,  ^  is  negative  for  values  of  s  just 
less  than  n,  and  positive  for  values  a  little  greater 
—  2  n.  The  curve  is  therefore  of  a  shape  something  like  this,  and  it  is 
that  but  one  value  of  s  corresponds  to  one  value  of  (  outside  the  a^mptote 


=  n. 
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their  effect  on  the  electrometer  at  B  by  the  same  means,  the 
potentials  just  before  and  just  after  the  discharge  being  noted  and 
the  difference  given  as  the  potential  at  B. 

To  eliminate  the  effect  of  earth  currents  on  Gi  is  much  more 
troublesome^  smd  on  a  short  cable  of  50  or  100  miles  in  length 
might  prove  impossible,  but  in  such  case  the  resistances  of  the 
hvlts  would  be  small  also,  and  B  and  B'  would  be  fair  approxima- 
tions to  X  and  y  respectively* 

The  general  method  is  as  follows  :— 

G  has  a  needle  swinging  freely,  so  that  once  set  in  motion  it 
will  continue  to  vibrate  many  times. 

The  observations  may  be  made  as  follows  :— 

After  discharging  the  cable  retain   the  same   shunt  for  the 

galvanometer,  and  disconnecting  the  instrument  from  the  cable  set 

the  needle  in  motion.     Observe  any  deflection  S,  and  also  a  second 

deflection  B\  some  time  afterwards,  the  needle  having  performed 

n  oscillations  from  rest  to  rest  during  the  interval.     Calculate 

1  S 

~  •  log.e  g7  and  call  the  result  Zi. 

Before  this  observation  is  made,  and  when  discharging  the  cable 
note  not  only  the  first  throw  but  also  the  return  throw  when  the 
needle  again  com^  to  rest,  and  the  third  deflection  also. 

Let  01,  0i,  0i  be  the  deflections  observed. 
Calculate  the  quantity 

^1  ^8  —  ^  «K 

iji/i  0/5      •••       •••       *••       •••       vv» 

(where  0^  is  ceckoned  positive  when  on  the  same  side  of  zero  as  0 
and  ^3),  the  result  is  the  deflection  due  to  the  permanent  earth 
current  which  we  may  call  ^  (generally  0^  will  be  negative). 

Then  if  d  is  the  true  discharge  due  to  the  charge  in  the  cable 
only,  and  independent  of  the  earth  current. . 


Men  : 

V   ^  ~-    tan.  ^     ■Z-rr : ;  »■■■    iin  If* 
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These  equations  are  somewhat  comples  and  the  value  of  0  could 
be  found  from  them  only  by  successive  approximation. 

The  method  by  which  they  are  obtained  does  not  need  to  be 
printed  in  full  as  it  is  well  known.  The  resiBtauce  of  the  air  is 
supposed  to  vary  directly  as  the  angular  velocity  of  the  needle,  an 
equation  results  of  the  form 

Whence  fl  =  — ^  +  c.e     sin.  (n,(  +  y3) 

The  values  of  0  and  5  .  are  knowTi  when  t  =  0,  in  terms  of  A,  ft 
and  k  ;  thence  C  and  B  are  known,  and  dj,  0,,  0^  can  be  found  is 
terms  of  ^,  and  so  6. 

In  practice  z  can  be  made  so  small  that  jr*  may  be  neglected- 
Then  equation  (36)  takes  the  form 


r  -^  ■\jr  '    ir  '  (ft  J 


i 


where  -f  =  .^0^  {0^  -  2  0)  } 

Ilence  0  being  known,  it  may  he  compared  with  the  discharge 
obtained  from  a  condenser  of  known  capacity,  and  so  the  values  of 
Vi:  and  a  above  given  may  be  calculated,  and  x  and  y  found. 

Collecting  the  formulse,  observe  R,  n,  0^  6^,  6„  z„  and  after- 
wards R',  n',  0\,  0\,  0'3,  Si'. 
Calculate 


y 


In  like  manner  calculate  ^',  ■^',  0'. 

(4.)  Takmg  a  discharge  from  a  condenser  of  known  capacity 
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charged  to  the  same  potential  as  that  which  existed  at  the  end  A 
of  the  cahlo  jast  before  it  was  discharged,  calculate  (a)  the  resist- 
ance of  a  length  of  cable  such  that,  charged  to  the  potential  above- 
mentioned,  it  would  produce  on  tbe  galvanometer  Q  (shunted  as 
Kirben  the  cable  was  discharged)  the  deflection  ^  just  found, 
(5.)  Find  by  trial  a  value  of  x  such 


■  Pn.' 


■1  + 


^t'-(i-|)'_ 


sO-^-DC^ 


E'     ~  V~  S.'J 


1- 


-lOC 


1  +  2  5l'  - 


R'J 


Where  x  +  y  +  z=  I,  ot  y  =  l  —  tn  —  z,  remembering  that  if 
the  first  term  of  these  equations  is  greater  than  the  third  too  large 
a  value  of  x  has  been  chosen,  if  the  first  term  is  less  than  the 
third  too  small  a  value  of  x  has  been  chosen. 

"When  a  value  has  been  found  such  that  the  first  and  third 
terms  of  the  equations  have  the  same  value,  the  true  values  of  x, 
^  y  are  found. 

The  President:  The  paper  is  one  of  the  kind  which  it  is 
fficult  to  follow  from  a  mere  reading,  and  no  doubt  other 
Bttembers  beside  myself  will  prefer  to  await  its  publication  in  the 
llSociety's  Journal  to  making  any  remarks  upon  it  this  evening, 
B  snd  therefore  I  will  simply  propose  a  vote  of  thanks  to  Mr.  Hockin, 
I  &r  his  able  paper. 


^2 
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ON  TESTING  BY  RECEIVED  CURRENTS, 
By  H.  R.  Kempe  (Member), 

The  good  maintenance  of  a  system  of  telegraph  lines 
be  accomplished  in  a  satisfactory  manner  by  a  good  system 
ing.     The  need  of  some  system  is  unquestionable,  but  no 
be  laid  down  as  to  what  is  the  best  method  to  adopt, 
stances  must  determine  what  arrangements  are  most  desira 
are  likely  to  prove  most  satisfactory  in  any  particular  case. 

In  a  recent  work,  entitled  "Testing  Instructions,"  Mr. 
Schwendler  stated  in  the  preface  that  "  During  my  stay  in 
I  have  had  many  opportunities  to  watch  the  working  of  othe 
graph  administrations,  and  have  been  surprised  to  find  how 
progress  testing  has  made.     I  am  always  told :  "  Yes,  we 
like  to  introduce  a  general  system  of  testing ;  we  know  its 
practical  utility,  but  show  us  a  system  to  do  it,  and  whic 
work  satisfactorily."     Mr.  Schwendler,  in  his  work,  has  d 
the  principles  of  the  system  adopted  in  India,  and  a  very  ela 
system  it  is,  but  with  the  highly  educated  telegraphic  s 
whom  the  Indian  telegraphic  administration  is  carried  on,  it 
the  same  time  quite  a  successful  system,  and  one  which  is,  no  d 
quite  necessary  in  a  country  like  India,  where  the  telegraph  st 
are  comparatively  few  and  far  between,  and  where  the  locali 
of  a  fault  within  the  limits  of  a  stretch  of  line  several  h 
miles  long  is  often  necessary. 

In  European  countries,  and  in  England  in  particular,  sue 
elaborate  system  involving  the  use  of  intricate  formulae,  is  nei 
desirable  nor   requisite,   and   nothing  would  be   gained  by 
adoption  of  such   methods  of  testing:   had  such  methods 
necessary  in  the  Postal  Telegraph  Department  they  would  b 
been  put  into  force,  and  their  non-adoption  must  be  taken 
signification  of  their  unsuitableness  for  the   maintenance  of 
telegraph  lines  in  this  country. 

For  some  years  past  a  simple,  and  in  many  respects  a  v 
satisfactory  system  of  testing  has  been   in  force  in  the  P 
Telegraph  Service ;    lately,  modifications  have  been  introdu 
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which  have  given  stdll  more  satis£skctary  results,  and  it  is  of  this 
improved  method  that  I  purpose  chi^y  to  speak  this  evening. 

Tests  may  be  divided  into  two  groups,  viz.,  "  Testing  for  actual 
faults/'  and  *'  Testing  to  ascertain  the  general  condition  of  a  line/' 
To  detect  the  locality  of  faults  no  elaborate  tests  are  required  or 
used  in  this  country.  The  lengths  of  line  between  any  two 
stations  in  the  United  Kingdom  are  comparatively  short,  varying 
from  15  to  20  miles,  and  therefore  the  localization  of  a  fault 
between  any  two  stations  en  route  of  the  line  is  really  all  that  is 
necessary  to  ensure  its  speedy  removal,  and  this  is  done  by  causing 
each  station  in  succession  to  disconnect  or  put  to  earth  the  wire  at 
his  test  box,  a  test  being  made  by  sending  a  current  through  a 
galvanometer  to  the  line  as  each  station  disconnects  or  puts  to 
earth,  until  it  is  seen  that  the  faulty  section  is  arrived  at  or  past, 
when  the  lineman  is  advised,  and  he  immediately  examines  the 
section  in  question.  The  tests  made  to  ascertain  the  condition  of 
the  line  are  of  two  kinds,  viz.,  "Monthly  Tests"  and  "Daily 
Tests,"  tbe  former  are  tests  made  with  the  ordinary  Wheatstone 
bridge,  and  consist  of  "Insulation"  and  "Conductivity"  tests; 
the  insulation  being  taken  with  zinc  to  line,  and  the  conductivity 
first  witb  zinc  to  line  and  then  with  copper  to  line.  In  the  latter 
case  the  arithmetic  mean  of  the  two  measurements  gives  approxi- 
mately the  correct  resistance  of  the  line,  since  the  two  values  never 
differ  greatly. 

The  tests  are  entered  on  sheets,  specimens  of  which  are  here 
shown.  In  working  out  the  results  from  the  measurements, 
certain  deductions  are  made  for  the  resistances  of  instruments  and 
underground  work  which  may  be  in  circuit  at  the  time  the  tests 
are  taken. 

The  monthly  tests  are  very  useful  for  detecting  incipient  faults 
either  in  insulation  caused  by  broken  insulators,  &;c.,  or  in  con- 
ductivity caused  by  defective  joints  in  the  wire. 

To  enable  the  tests  with  reversed  currents  to  be  rapidly  made, 
the  Wheatstone  bridge  (a  specimen  of  the  form  of  instrument  used 
was  exhibited)  is  provided  with  a  reversing  switch,  which,  unlike 
the  usual  practice,  does  not  reverse  the  battery,  but  reverses 
"line  "  and  "earth;"  by  this  device  the  galvanometer  deflection 
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dae  to,  say,  too  much  resistance  being  inserted  in  the  arm  of  the 
bridge,  is  always  on  the  same  side,  although  the  direction  of  the 
current  through  the  line  may  be  reversed;  thus,  the  inspector 
making  the  test  can  easily  see,  withont  chance  of  a  mistake, 
whether  his  balance  is  out  in  consequence  of  too  much  or  too 
little  resistance  being  inserted  in  the  arm  of  the  bridge. 

The  "Daily"  tests  were  formerly  insulation  tests,  made  by 
means  of  the  tangent  galvanometer.  A  constant  deflection  iraa 
first  taken  with  1000  ohms  in  ihe  circuit  of  the  galvanometer  and 
testing  battery,  and  then  the  resistance  being  removed,  the  line, 
whose  further  end  was  iosulated,  was  inserted  in  its  place,  and 
the  new  deflection  noted.  From  these  tests  the  insulation  resis- 
tance was  calculated  by  direct  proportion,  or  ascertained  directly 
by  means  of  a  table  worked  out  for  the  purpose.  In  this  table, 
the  first  vertical  column  represents  the  deflections  obtained  with 
the  lOOO  ohms  in  circuit,  and  the  top  horizontal  column  represents 
the  deflections  obtained  with  the  line  in  circuit ;  the  figures  at  the 
point  of  intersection  of  the  vertical  and  horizontal  columns  eorres. 
ponding  to  the  coustant  and  line  deflections,  give  the  insulation 
resistance  of  the  line. 

These  tests,  although  they  answered  fairly  well  in  practice, 
were  not  all  that  could  be  desired.  A  broken  wire  which  did  not 
make  earth  would  show  a  very  high  result  for  insulation,  but  it 
would  not  show  the  working  condition  of  the  wire.  To  obviate 
such  and  other  erroneous  results,  the  system  I  am  about  to 
describe  was  devised.  ■ 

In  J878,  Mr.  W.  H.  Preece  brought  before  this  Society  a  paper^ 
on  the  "  Measurement  of  Currents."  In  this  paper  he  drew  atten- 
tion to  the  practice  in  the  United  States  of  measuring  the  strength 
of  currents  in  webers.  The  eoaployment  of  the  unit  of  current,  it 
was  pointed  out,  is  extremely  useful,  and  it  is  a  matter  of  great 
surprise  that  its  value  was  not  thought  of  before.  Mr.  Preece  also 
explained  in  his  paper  how  extremely  simple  was  the  measurement 
of  currents  in  terms  of  the  unit  weber ;  he,  moreover,  suggested  the 
use  of  a  aubmultiple  of  the  unit — namely,  the  milliweber  or  the 
xi^ijijth  part  of  a  weber.  This  multiple  being  of  extremely  cot^M 
venient  dimensions,  has  now  been  very  generally  adopted.  ^| 
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Let  us  now  see  ia  wliat  way  the  measurement  of  currents  can 
be  made  use  of  for  testing  purposes.  If  we  take  an  ordinary  tele- 
graph instrument,  say  a  Morse  printer,  and  we  connect  a  10-cell 
Daniell  battery  to  it,  together  with  a  resistance  cod,  and  then  we 
work  the  instrument,  and  go  on  adding  resistance  in  the  circait 
until  the  instrument  ceases  to  respond,  then  we  can  see  the  mini- 
mum current  which  can  be  employed  for  working  purposes.  Now, 
the  instrunient  in  question  will  work  well  with  a  lO-cell  Daniell 
in  circuit  with  a  total  resistance  of  3000  ohms;  that  is  to  say,  it 
will  work  well  with  a  current  of 

;;l^=-0033  webers  or  3'3  milKwebera. 
3Ul)0 

A  less  current  than  this  will  not  give  satisfactory  results. 

A  telegraph  Hue  whose   insulation  is  perfect  will  have  the 

same  amount  of  current  flowing  throughout  every  point   of  its 

length,  that  is  to  say,  the  current  flowing  iu  at  one  end  will  be 

equal  to  the  current  flowing  cut  at  the  other.     Supposing  then  that 

we  have  a  line  of  1000  ohms  resistance,  and  an  instrument  at  the 

fditber  end,  whose  resistance  is  500  ohms,  and  which  requires  5 

milHwebers  of  current  to  work  it,  then  the  electro-motive  force  of 

the  current  required  to  work  (his  instrument,  the  insulation  of  the 

line  being  regarded  as  perfect,  will  be  given  by  the  expression 

33= M„xlOOO 

iOOO  +  aUU 

or  E=l^??  ""  '''^-4-995  volte. 

loou 

Now  a  Daniell  cell  has  practically  an  electromotive  force  of  1 
volt,  hence  a  lO-cell  Daniell  battery  will  give  10  volts,  or  will  pro- 
duce on  the  instrument  a  signal  due  to  a  current  exceeding  3'3  milli. 
webers,  and  therefore  will  give  good  signals  provided  there  be  no 
leakage,  or  very  little,  on  the  line ;  if,  however,  the  leakage  be  con- 
siderable the  10  cells  will  not  prove  sufficient  for  the  purpose. 

The  good  working  of  a  line  is  dependent  upon  the  receipt  at 
the  receiving  end  of  a  sufficient  current  to  work  the  instrument 
properly;  it  is  of  no  avail,  if  plenty  of  current  goes  out,  if  but 
little  arrives  at  the  end  to  work  the  instrument  there. 

The  current  going  out  can  be  measured  or  estimated,  and 
ihe  current  received  can  be  measured,  and  tte  TeVsAVve  "^xo'^di'uo^ 
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of  these  quantities  indicates  the  woikiug  condition  of  the  line  and 
batteries. 

Supposing  tlie  line  and  batteries  to  be  in  good  condition,  then 
we  know  that  the  strength  of  the  outgoing  current  ia  given  bj 
dividing  the  electromotive  force  of  the  battery  by  the  total  resie- 
tance  in  the  circuit — the  result  obtained  is  the  greatest  current 
that  can  be  received  at  the  end  of  the  line ;  in  the  system  of 
testing  adopted  in  the  Postal  Telegraph  Service,  this  value  is  tie 
standard  with  which  the  received  currents  are  compared.  We 
know  what  the  resistances  of  the  lines  are,  we  know  the  battery 
powers  sending  the  currents,  consequently  we  know  the  currenta 
that  ought  to  be  received;  and  as  the  daily  measurements  show 
the  actual  currents  received,  we  have  thus  a  record  which  shows 
the  working  condition  of  the  lines. 

The  measurement  of  the  currents  is  effected  by  means  of  tie 
tangent  galvanometer  and  standard  cell  here  shown.  (A  specimen 
of  these  instruments  waa  exhibited^. 

The  standard  cell  is  formed  vrith  two  chambers,  as  shown  in 
Fig.  1. 

Fia.  1. 


The  right  hand  compartment  is  called  the  "  idle  "  chamber,  i 
it  is  placed  the  porous  pot  A,  cnntammg  a  copper  plate  and 
sulphate  of  copper  crystals,  when  the  cell  is  not  required  for  uee, 
The  left  hand  compartment  is  kept  filled  to  a  level  with  the  zinc 
plate  Z,  with  a  half-saturated  solution  of  sulphate  of  zinc.  A 
zinc  rod  b  lies  in  a  small  compartment  immediately  below  the 
isiao  plate  Z,  
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When  the  cell  is  required  for  use,  the  porous  pot  and  its 
contents  is  removed  from  the  right  hand  chamber  and  placed  in 
the  left  hand  chamber,  its  bulk  causing  the  liquid  in  the  latter  to 
rise  and  cover  the  zinc  plate  Z ;  the  cell  is  then  ready  for  use. 
When  the  cell  is  no  longer  required  for  use,  A  is  again  placed  in 
the  right  hand  chamber,  and  whilst  the  cell  is  at  rest  any  sulphate 
of  copper  solution  which  may  have  become  mingled  with  the 
sulphate  of  zinc  solution,  has  its  copper  decomposed  and  deposited 
on  the  zinc  rod  b;  thus  the  solution  is  always  kept  clear. 

Fig.  2. 


Fig.  2  shows  in  general  j^n  the  form  of  tangent  galvanometer 
nsed  for  making  the  measarement  of  the  corrento^ 

In  this  instromait  there  are  three  coils  of  wire^  the  one  nearer 
the  needle  consisting  of  No,  35  copper  wire  woand  to  a  rmHi&nce 
of  320».  The  other  two  coils  are  of  Xo,  18  ;{atige— the  (me 
between  C  and  D  making  three  tarm,  and  the  one  b^^ween  D  aad 
E  making  twelve  tnms  in  the  oppodte  directloTi.  The  letter  coiU 
are  for  testing  batteries.  Calling  the  fU'/jef^  of  fferMsdureaem 
obtained  with  the  terminals  C  and  D 1 ,  then  ttie  d^/ree  of  Mrudtive' 
ness  obtained  with  terminab  C  and  E  will  be  ^^  aod  tliai  with 
terminals  D  and  E  will  be  4 ;  if  C  arjrl  E  are  coopled 
and  the  ccnnecting  wires  firom  the  iesUery  are  yAned  t4 
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then  a  degree  of  sensitiveness  equal  to  1'6  will  be  obtained.    The 

resistance  of  the  wires  is  practically  nil. 

In  testing  the  strength  of  a  current  in  milliwebers,  the  standard 

cell  is  connected  to  A  and  B,  and  both  plugs  being  removed  from 

the  plug-holes  a^  6,  the  key  K  is  depressed.    There  is  then  in 

circuit  a  total  resistance  of  1070»,  viz.,  750  +  320.     As  the  electro- 

motive  force  of  the  standard  cell  is  107  volts,  the  resulting  deflec 

tion  of  the  Galvanometer-needle  (which  is  about  30°)  will  be  due  to 

a  current  of 

1-07 
-TTyjQ  =  '001  weber,  or  1  milliweber, 

and  any  other  deflection  obtained  with  any  particular  current, 
compared  by  direct  proportion  with  the  standard  deflection, 
will  jgive  the  strength  of  that  current  in  milliwebers.  As  the 
currents  to  be  measured  are  usually  in  excess  of  1  milliweber,  the 
readings  are  taken  with  the  right  hand  plug  (-n^th  Shunt)  inserted, 
which  is  allowed  for  in  the  calculation. 

When  the  standard  deflection  is  noted,  the  standard  cell  is 
removed  and  the  circuit  from  which  the  received  current  is  to  be 
measured  is  connected  to  terminal  A,  terminal  B  being  put  to 
earth. 

The   750»  resistance  is   not   plugged   out,  for  the  following 

reason  : — if  the  line  tested  has  a  fault  of  high  resistance  close  to  the 

testing  station,  then,  since  the  shunted  coil  has  only  a  resistance  of 

320 

"YTj-  =  32  ohms,  practically  all   the   received   current   will  pass 

through  it,  and  it  would  then  appear  as  if  the  fault  did  not  exist ; 
by  including  the  750»  in  the  circuit  a  diminution  in  the  current 
must  always  be  caused  by  the  fault. 

To  save  time  and  trouble,  the  currents  corresponding  to  the 
deflections  from  the  received  currents  are  obtained  from  a  table 
calculated  for  the  purpose.  In  this  table  the  first  vertical  colonm 
represents  the  deflection  obtained  from  the  standard  cell,  and  the 
top  horizontal  column  the  deflections  obtained  with  the  received 
currents,  the  figures  at  the  point  of  intersection  of  a  vertical  with 
a  horizontal  column  gives  the  current  corresponding  to  those 
deflections. 

The  tests  when  taken  are  entered  upon  the  form  shown*— 
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It  may  be  noticed  that  the  <*  Estimated"  values  of  the  currents  differ  tor 
those  wires  which  are  of  the  same  length  and  gauge ;  this  is  due  to  the  fact  that^ 
although  the  gauges  are  uniform  the  resistances  are  not  the  same. 
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Mr.  J.  A.  Betts  :  I  quite  agreo  with  Mr.  Kempe  that  it  was 
impossible  to  introduce  elaborate  tests  into  England,  owing  to  the 
large  mimber  of  wires  to  be  tested  in  a  given  short  time,  I 
remember  that  in  1872  I  had  t-j  test  about  32  wirea  for  boih 
insulation  anJ  line  resistaucEs  in  15  minutes.  It  could  be  done 
when  the  tests  came  out  as  we  expected  them;  but  if  a  wire 
became  faulty  or  in  any  way  troublesome,  we  either  had  to  paK 
it  by  for  further  investigation,  or  slur  over  the  remaining  tfistfi. 
Still,  for  all  this,  we  did  know  the  state  of  our  wires,  and  coulJ 
detect  faults  creeping  in,  and  repair  them  before  they  became 
serious.  In  answer  to  the  President,  Mr.  Betts  said — In  China  we 
have  been  satisfied  with  the  roost  rough  and  simple  tests  as  far  as 
telegraphs  are  concerned. 

Professor  Atrton  :   No  doubt  systems  of  testing  must  differ 
according  to  the  practical  requirements  of  the  country.     In  Indii, 
as  explained  by  Mr.  Kempe,  a  much  more  perfect  system  tian 
that  required  in  England  is  necessary,  on  account  of  the  great 
difference  in  length  of  the  circuits ;  for  it  is  always  easy  to  find 
that  a  fault  exists  between  two  stations,  but  the  question  is  exactly j 
where  between  these  two  stationa.     If  the  two  offices  are  only 
few  miles  apart,  ihe  solution  of  this  question  is  comparativi 
easy  without  resorting   to  electrical   methods;   but   if  they 
separated  by  a  couple  of  hundred  miles,  with  no  railway  joi 
them,  a  process  of  determining  the  position  of  the  fault  by  inap< 
tion  is  a  most  tedi.^us,  uneconomical,  and  unsatisfactory  practit 
Mr.  Kempe  is,  I  think,  quite  right  in  saying  that  the  system 
testing  adopted  in  India  has  been  brought  to  an  amazing  degu 
of  perfection,  thanks  to  the  energy  and  skill  of  Mr.  SchwendU 
and  of  those  working  with  him.     I  have  known  instances  of  ti 
position  of  a  fault  which  has  come  on  after  dark  being  accuratd 
determined  during  the  night,  and  removed,  by  a  man  sent  out  i 
the  spot,  before  morning. 

It  is  always,  of  course,  a  great  point,  when  testing  for  fauli 
to  know  the  normal  condition  of  the  line,  and  I  think  sufficiei 
attention  in  former  times  was  not  generally  given  to  ascertainii 
periodically  the  state  of  telegraph  lines  when  free  from  faull 
It  ia  the  sante  with  a  telegraph  line  as  with  a  human  being  i 
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doctor  is  often  only  thought,  necessary  after  the  illness  has 
commenced,  whereas  the  conditions  of  health  must  be  studied 
before  those  of  disease;  and  the  family  doctor,  who  knows  the 
patient's  constitution  well,  can  often  do  more  good  than  a  single 
visit  to  a  more  famous  physician.  Now,  one  of  the  aims  of  the 
complete  system  of  testing  employed  in  India,  is  to  periodically 
feel  the  pulse  of  every  telegraph  line  there  belonging  to  the 
Government. 

The  Pbesident  :  It  is  not  for  me  to  say  much  on  this  subject. 
The  British  public  possesses  the  charming  prerogative  of  finding 
fault  with  those  who  manage  its  own  concerns.  Those  who  are 
employed  in  conducting  and  upholding  the  business  of  telegraphy 
in  this  country  are  in  the  position  of  being  attacked  right  and  left 
by  everybody ;  and  I  am  sure  it  gives  us  great  satisfaction  to  find 
that  an  explanation  of  the  system  of  testing  introduced  by  the 
Post  OflSce  is  received  by  the  members  of  this  Society  with  such 
favour.  I  do  not  think  sufficient  credit  is  accorded  to  those  who 
manage  the  telegraphs  in  this  country  for  the  manner  in  which  the 
work  is  done.  During  the  past  few  weeks  a  very  exciting  time 
has  been  passed.  The  amount  of  ordinary  telegraphic  business 
has  been  something  fabulous,  while  the  extra  Press  work  in 
consequence  of  the  General  Election  has  been  almost  incalculable. 
No  hitches  in  transmission  have  occurred,  and  this  result  has  been 
achieved  mainly  through  the  excellent  system  of  testing  which  Mr. 
Kempe  has  explained,  and  he  himself  is  one  of  those  to  whom  we 
are  principally  indebted  for  its  perfection.  Mr.  Kempe's  table  cost 
much  labour,  but  it  is  a  very  useful,  reliable,  and  accurate  reference 
table.  The  application  of  this  system  of  testing  of  the  wires  in 
this  country  day  by  day  and  week  after  week,  enables  the  whole 
102,000  miles  of  wire  to  be  kept  in  constant  workipg  order. 
Interruptions  to  communication  are  nowadays  quite  scarce  with 
us.  Our  moming  "  bill  of  health"  is  often  as  low  as  one  or  two 
faults,  and  it  is  occasionally  with  great  satisfaction  that  I  attach 
my  signature  to  a  clean  sheet,  showing  that  not  a  sincrle  fault 
exists  in  the  whole  United  Elingdom.  I  propose  a  vote  of  thanks 
to  Mr.  Kempe  for  his  excellent  paper. 

The  Meeting  then  adjourned. 


\ 
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The  Eighty-ninih  Ordinary  Qeneral  Meeting  of  the  Society  was 
held  on  Wednesday  evening,  May  12th,  1880,  at  the  Insti- 
tution of  Civil  Engineers^  25,  Great  Qeorge  Street,  West- 
minster— ^Mr.  W.  H.  Pbeece,  President,  in  the  Chair. 

The  minutes  of  the  last  meeting  having  been  read,  it  was 
announced  that  Mr.  Charles  Harry  Stacey  had  been  transferred 
from  the  class  of  Associates  to  that  of  Members;  the  names  of 
new  candidates  were  also  read. 

The  Pbesidbnt  ;  I  was  very  grieved  last  Friday  to  receive  an 
announcement  that  Dr.  Siemens  was  too  unwell  to  undertake  the  j 
arduous  duties  of  preparing  his  paper  on  the  recent  practical^ 
applications  of  the  dynamo  machine,  which  had  beefn  announced 
for  this  evening.  But  I  am  glad  to  say  that  he  has  kindly  promised 
to  give  his  paper  as  soon  as  possible,  and,  as  the  only  remaining 
night  of  the  session  is  to  be  occupied  by  Mr.  Edward  Craves  with 
his  paper  on  the  progress  of  telegraphy,  a  special  night  will  be 
devoted  to  the  purpose. 

I  have  great  pleasure  in  being  able  to  announce  to  the  meeting 
that  the  long-promised  Ronalds  Catalogue  is  at  last  completed  and 
ready  for  distribution  to  subscribers.  A  specially-bound  copy  will 
be  presented  to  Mr.  Carter,  the  executor  of  Sir  Francis  Ronalds. 
The  library  will  be  opened  by  or  before  the  end  of  this  session  for 
the  use  of  members,  and  also,  xmder  proper  regulations,  for  the  use 
of  the  public. 

When  Dr.  Siemens  communicated  the  unpleasant  feict  of  his 
inability  to  attend  to-night,  we  were  rather  disconcerted,  for  the 
arrangements  up  to  the  end  of  the  session  had,  as  we  thought) 
been  made,  and  no  papers  had  been  yet  sought  for  next  session. 
To  get  out  of  the  dilemma  I  have  ventured  to  undertake  to  bring 
before  the  meeting  the  following  paper,  which  I  trust  will  prove 
interesting  to  every  telegraph  engineer,  viz., 
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THE  BEHAVIOUR  AND  DECAY  OF  INSULATING 
COMPOUNDS  USED  FOR  DIELECTRIC  PURPOSES. 

By  W.  H.  Peeecb,  the  President. 

During  the  past  few  years  we  have  heen  very  much  disturbed 
by  a  pecxdiar  decay  of  gutta  percha,  which  has  been  rather  difficult 
b>  account  for.  Every  one  knows  that  gutta  percha  is  a  gum 
ixuded  by  a  tree  found  in  the  Indian  Archipelago,  called  the 
^aonandra  percha.  This  gum  is  a  compound  of  carbon  and 
hydrogen,  containing  about  88  per  cent,  of  the  former  and  12  per 
cent,  of  the  latter.  But  it  is  never  found  in  a  pure  state,  and  we 
have  the  authority  of  Professor  Abel  that  it  is  always  found  to  a 
certain  extent  mixed  with  oxygen  and  resin.  In  manufacturing 
processes  these  impurities  are  removed,  but  others  are  absorbed 
which  tend  to  the  decay  of  the  material.  It  is  curious  to  note  that 
this  gum  is  isomeric,  or  identical  in  its  chemical  construction  with 
oil  of  turpentine  and  other  compounds  of  that  class;  but  well 
known  as  it  is  to  the  telegraph  engineer,  it  is  quite  a  child 
amongst  the  materials  applied  to  the  arts.  About  1842  Dr. 
Montgomery  noticed  in  the  hands  of  a  native,  in  one  of  the  islands 
of  the  Indian  Archipelago,  the  handle  of  a  hatchet  formed  of  a 
very  peculiar  material,  which  he  was  told  became  plastic  in  warm 
water,  and  capable  of  being  moulded  to  any  shape.  He  brought  a 
specimen  of  it  to  England,  and  in  1845  brought  it  before  a  meeting 
of  the  Society  of  Arts,  at  which  Dr.  Siemens  was  present.  The 
idea  was  at  once  suggested  to  Dr.  Siemens  that  such  material  had 
a  commercial  value  for  telegraphic  purposes.  Experiments  were 
made  with  it  by  Dr.  Werner  Siemens,  in  Berlin,  and  Faraday  pro- 
nounced it  as  possessing  electrical  qualities  of  a  high  order,  and  a 
company  was  formed  for  bringing  it  into  the  market,  since  when  it 
has  been  used  in  almost  every  conceivable  form  for  electric  and 
other  purposes.  I  need  not  dwell  on  its  application ;  my  present 
object  is  to  bring  out  its  durability  and  behaviour  when  applied  to 
underground  wires. 

The  gum  is  soluble  in  olive  oil,  benzine,  turpentine,  and  other 
such  spirits  ;  it  is  attacked  by  ozone,  creosote,  and  liquids  of  that 
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kind.  It  combines  with  oxygen,  and  undergoes  the  ordinaxy 
process  of  rust,  which  proceeds  with  great  alacrity  in  air,  especially 
when  also  subjected  to  the  influence  of  light.  This  combustion  by 
oxygen  is  also  assisted  by  intermittent  exposure  to  moisture.  In 
process  of  manufacture  gutta  percha  becomes  mechanically  united 
with  water,  which  evaporates  on  exposure  to  variations  of  tempera- 
ture,  and  leaves  the  gum  remaining  in  a  dry  and  brittle  condition. 
This  condition  led  Mr.  Edwin  Clark  to  coat  gutta  percha  with  tape 
saturated  with  tar,  in  the  belief  that  the  tar  would  replace  the 
water  and  keep  the  gum  in  its  elastic  state ;  but,  unfortunately, 
tar  contains  creosote,  which  acts  on  gutta  percha  in  a  deteriorating 
manner,  and  so  the  evil  remained. 

In  the  years  1852-3-4,  a  great  quantity  of  gutta  percha  covered 
wire  was  laid  down,  and  some  of  the  gentlemen  now  present  had 
the  responsibility  and  management  of  the  work.  These  wires 
deteriorated,  and  among  the  many  causes  of  deterioration  was  one 
frequently  brought  forward  for  discussion  before  the  Institution 
of  Civil  Engineers,  viz.,  the  growth  of  fungus  upon  the  gutta 
percha  wires.  Mr.  Highton,  an  old  telegraph  engineer,  who  is  no 
longer  with  us,  found  that  the  wires  speedily  decayed  between 
London  and  Manchester^  especially  among  the  roots  of  oak  trees; 
and  in  such  places  of  decay  the  mycellium  of  a  fungus  was  always 
present,  and  this  fungus  he  set  down  as  an  active  agent  in  the  decay 
of  gutta  percha.  I  have  reason  to  believe,  and  will  presently  show 
you  why,  that  Mr.  Highton  was  not  quite  right  in  his  siipposi. 
tion.  In  all  systems  of  underground  wires  it  has  been  found  that 
gutta  percha  wire  decays  in  the  neighbourhood  of  joint  boxes — the 
air  in  the  boxes  attacks  the  gutta  percha  and  dessicates  it.  This 
fact  has  led  to  the  practice,  now  generally  followed  in  the  streets  of 
London  and  elsewhere,  of  as  far  as  possible  hermetically  sealing 
the  joint  boxes  and  excluding  the  air. 

Another  agent  in  the  destruction  of  underground  wires  is 
lightning,  or  the  induced  currents  caused  by  lightning.  The  con- 
necting wires  between  the  Central  Telegraph  Station  in  London 
and  the  various  railway  termini  are  laid  underground,  and,  when  a 
current  caused  by  lightning  passes  through  the  underground  wires 
to  find  "  earth",  if  a  weak  spot  in  the  percha  comes  in  its  psth,  it 
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^escapes  through  it,  developing  a  fault  and  causing  leakage.  To 
remedy  this,  lightning  protectors  are  now  being  fixed  at  the  junction 
of  the  underground  and  overground  wires. 

Another  enemy  to  the  preservation  of  gutta  percha  exists  in 
vermin :  rats  indulge  freely  in  gutta  percha,  and  are  evidently  only 
deterred  from  knawing  through  it  by  shocks  received  on  reaching 
flie  conductiug  wire.  Mice  have  contributed  their  share  of  inter- 
ruptions to  gutta  percha  covered  wires. 

But  the  peculiar  cause  of  deterioration  in  gutta  percha  that 
I  want  to  bring  before  you  to-night,  is  one  due  to  the  existence 
of  an  extremely  minute  insect — an  animal  so  small  that  it  easily 
escapes  the  naked  eye.  It  happened  a  short  time  ago  that 
simultaneously  underground  wires  in  different  parts  of  the  country 
showed  novel  signs  of  decay  similar  to  each  other.  Not  being 
satisfied  with  the  reason  attributed  by  the  local  ofiicers,  I 
resolved  to  examine  the  wires  in  situ  for  myself.  I  used  my 
microscope  to  examine  the  dirt  surrounding  the  wires,  and 
soon  perceived  that  an  almost  invisible  white  speck  was  really  an 
insect  of  a  very  lively  disposition,  for  as  soon  as  it  alighted  on  one 
place  it  jumped  off  to  another.  The  presence  of  this  animal 
assured  me  that  I  was  on  the  track  for  tracing  out  the  cause  of 
decay  in  gutta  percha  wire  ;  and,  as  the  London  street  wires  were 
afiected,  I  invited  Sir  John  Lubbock  to  examine  a  joint  box,  and 
he  at  once  recognised  the  creature  as  the  Templetonia  crystalli/ruif 
belonging  to  the  genus  Podura,  so  called  because  they  are  distin- 
guished by  a  little  sub- abdominal  organ  which  might  be  described  as 
a  leg  or  a  tail,  but  it  is  neither,  but  it  has  the  peculiarity  of  giving  to 
its  owner  the  power  of  springing  about  with  the  activity  of  a  flea. 
(Mr.  Preece  here  pointed  to  a  magnified  drawing  of  the  insect,  and 
described  its  physical  construction.)  There  can  be  no  doubt  that 
this  depredator  has  a  taste  for  gutta  percha,  and  that  it  is  the 
cause  of  decay  in  underground  wires,  because  since  its  existence 
has  been  known  it  has  always  been  found  present  at  these  peculiar 
points  of  decay.  On  dose  examination  of  a  specimen,  a  dark  sub- 
stance resembling  percha  can  be  seen  in  the  animal's  stomach,  but 
that  it  is  percha  cannot  well  be  proved,  on  account  of  the  smallness 
of  the  creature.     Microscopes  and  slides  with  specimens  of  this 
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Templetonia  crystaUina  are  on  the  table,  so  that  members  may  mal 
themselves  familiar  with  this  new  agent  in  the  destraction 
gutta  percha  covered  wires.    I  have  every  reason  to  believe, 
-similarity  of  appearances,  that  this  minute  insect  was  the  canse 
the  decay  that  Mr.  Highton  ascribed  to  the  mycellium  of  a  fonj 
How  is  gutta  percha  to  be  cured  from  this  effect  ?    At  present 
only  plan  that  has  been  practically  tried,  and  which  will  probabl 
be  used  for  the  purpose,  is  to  protect  the  gutta  percha  with  1< 
When  wires  were  laid  underground  in  the  early  days  they  wei 
covered  with  lead,  but  owing  to  its  cost  the  practice  was  abandon4 
though  it  seems  clear  now  that  for  the  proper  protection  of  gui 
percha  in  certain  places  lead  will  have  to  be  again  resorted 
By  covering  the  wires  with  lead,  we  shall  in  my  mind  practical 
irard  off  the  enemy  by  causing  him  to  pass  through  that  mate] 
before  be  can  arrive  at  the  percha. 

I  have  made  these  remarks  in  the  hope  that  the  general 

question  of  the  durability  and  protection  of  gutta  percha  may  be 

fully  discussed;  and,  as  there  are  many  present  who  have   had 

great  experience  in  that  direction,  I  shall  be  glad  if  they  will 

-favour  us  with  their  remarks. 


Mr.  D.  Bbooes  (Philadelphia)  stated  that  gutta  percha  covered 
n^ire  in  America  was  used  solely  for  river  crossings ;  but  he  claimed 
that  the  idea  of  so  covering  wire  originated  in  America,  as  the  law 
had  recently  decided  against  the  Western  Union  Telegraph  Com- 
j)any  for  using  wire  which  came  under  a  patent  taken  out  some 
fifteen  years  ago.  "  Eerite,"  the  composition  of  which  he  did  not 
know,  was  used  for  covering  wire  used  for  instrument  connections, 
etc.,  but  any  gutta  percha  covered  wire  required  in  America  was 
always  obtained  from  England. 

Mr.  Truman  asked  whether  the  insect  was  known  before  the 
time  at  which  Sir  John  Lubbock's  opinion  was  asked  ? 

The  Pebsidbnt  :  Certainly. 

Mr.  TsUHAN  :  Were  its  natural  habits  known  before  it  took  a 
fancy  to  gutta  percha  ? 

The  Pbesident  :  Yes.  The  animal  abounds  in  Kent,  under 
leaves  and  old  decaying  vegetable  matter. 


mo.2  DISCUSSION  on  MB.  PBESCE'S  PAPEE.  23^ 

Mr.  Tbuman  :  Could  it  be  said  that  the  localities  in  which  the 
insect  had  been  found  in  connection  with  gutta  percha  were  suck, 
ftat  the  animal  might  naturally  be  expected  in  without  the^ 
presence  of  the  gutta  percha  ? 

The  Pbesidbnt  :  We  did  not  go  so  far  as  that. 
Mr.  Tbttman  explained  that  he  asked  the  question  because^ 
with  the  variety  of  gutta  percha  gums,  it  was  possible  that  a  par^ 
ticular  kind  or  a  peculiar  condition  of  any  kind  of  gum  was  specially 
subject  to  attack  by  the  insects,  or  that  the  same  agent  which, 
destroyed  the  percha  brought  the  insect.  The  treatment  of  gutta 
ipercha  in  process  of  manufacture  and  after  use  determined  tha 
durability  of  the  gums,  some  of  which  were  more  suitable  for 
covering  telegraph  wires  than  others. 

Mr.  Latiheb  Clabk  :  We  are  all,  I  am  sure,  indebted  to  the. 
President  for  the  interesting  matter  he  has  laid  before  us  to-night. 
I  have  examined  some  of  the  specimens  on  the  table,  and  I  at 
once  recognise  the  form  of  decay  as  one  with  which  I  have  beeiL 
familiar  in  former  years,  and  I  agree  with  Mr.  Preece  that  it  is 
manifestly  due  to  the  percha  being  bitten  by  insects. 

The  Templeionia  crystallina  is  an  insect  of  the  Podura  class. 
The  little  black  insects  that  are  seen  hopping  on  the  water  in  the 
puddles  formed  by  horses'  hoofs  after  rain  belong  to  the  same 
tribe,  and  the  Podura  itself  is  often  found  in  cellars.  The  latter 
species  is  well  known  to  microscopists,  as  the  scales  which  clothe 
the  bodies  of  these  small  insects  are  in  constant  use  as  one  of  the 
most  delicate  tests  for  the  microscope. 

It  is  a  curious  fact  that,  after  so  long  experience,  we  have  nevex^ 
yet  solved  the  question  of  protecting  gutta  percha  from  decay  by 
oxidation,  for  this  is  certainly  the  real  cause  of  decay  in  ninety-nine 
cases  out  of  every  hundred.  Oxidation  is  entirely  arrested  by  the. 
immersion  of  gutta  percha  in  water.  Submarine  cables  never 
suffer  from  oxidation ;  and  where  the  pipes  containing  gutta  percha 
covered  wires  are  filled  with  water,  the  decay  of  the  percha  ia 
entirely  prevented  ;  but  where  the  pipes  are  dry,  and  whenever  the 
percha  is  exposed  to  air,  it  oxidises  and  perishes.  The  exterios 
becomes  dry  and  brittle,  and  is  easily  cracked,  the  percha  being: 
changed  into  a  resin,  which  is  readily  soluble  in  alcohol. 
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Lead  and  other  substances  have  been  used  as  a  covering,  bat  no 
real  practical  protection  of  guttapercha  from  oxidation  has. yet 
been  accomplished.  Mr.  Physick  and  Mr.  Fred.  Webb  employed  a 
taping  of  zinc  or  some  other  soft  metal  for  covering  the  gatta 
percha.  My  brother  and  I  have  extensively  used  tarred  or  painted 
tape,  but  the  latter  with  only  partial  success ;  for  the  painted  tape 
proved  much  more  injurious  to  the  percha  than  that  satarated 
with  vegetable  tar.  I  conducted  a  very  large  number  of  experi. 
ments  at  the  time  of  the  Atlantic  and  Government  Committee  on 
submarine  cables  in  1859,  with  a  view  to  discover  some  remedy,' 
but,  like  everyone  else,  I  failed ;  and  one  of  the  subjects  most  de- 
serving the  attention  of  this  Society  is  that  of  endeavouring  to  find 
some  practical  means  of  preserving  gutta  percha  from  oxidation. 
When  we  remember  how  extensively  it  is  employed,  and  what  a 
scarce  and  costly  material  it  is,  every  year  becoming  more  scarce, 
it  i^ems  to  me  that  this  is  one  of  the  most  important  problems  yet 
remaining  unsolved. 

Mr.  Teitman  :  Some  years  ago  Mr.  Culley  spoke  in  this  room 
on  the  subject  of  joints,  and  I  was  bold  enough  to  say  that  the 
joint  could  be  made  good.  Time  has  shown  that  I  was  correct. 
Mr.  L.  Clark  has  just  told  us  that  the  great  desideratum  is  the 
durability  of  the  gutta  percha,  and  I  think  that  I  may  say  that 
also  is  accomplished — ^in  fact,  that  can  be  secured.  The  durability 
depends  upon  matters  which  have  not  been  thought  of  at  all 
sufficiently.  I  hope  to  shortly  be  able  to  bring  before  the  Society 
a  few  points  which  will  considerably  increase  the  durability  of 
gutta  percha. 

'  Mr.  C.  F.  Flbbtwood  :  I  agree  with  Mr.  L.  Clark,  and  think 
tha*  the  greatest  enemy  we  have  to  contend  with  in  London  is 
ojfidation.  As  regards  joints  being  weak  places,  I  am  able  to  say 
that  for  the  last  three  years  ten  faults  have  not  arisen  from  bad' 
joints  in  the  streets  of  London.  This  fact  rather  contradicts 
statements  made  by  ihany  bf  our  eminent  members  that  joints  are 
a  eb'urce  of  trouble.  The  discontinuance  of  using  Chatterton's 
compound  has,  in  my  opinion,  reduced  the  number  of  faults,  and 
I. believe  that  when  underground  wires  are  completely  buried, 
inherent   faults  will  disappear.      I  recently  recovered  a    short 
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rtion  of  iinderground  12- wire  cable  (laid  down,  I  believe,  by 

ir  C.  Bright),  wrapped  with  a  serving  of  tarred  yami  which  cut 
as  good  as  new ;  and,  wherever  underground  wires  are  completely 
buried,  percha  lasts  well.  The  nature  of  the  ground  affects  gutta 
ipercha.  A  portion  of  50  yards  recently  taken  up  near  the  York 
And  Albany,  and  which  passed  over  clay,  was  perfect,  but  when 
the, portions  of  the  same  cable  got  into  the  gravelly  soil,  the  percha 
was  all  brpken  to  bits.  Where  the  little  insects  referred  to  are 
found,  the  wires  are  generally  smaller  than  when  they  were  drawn 
in ;  but  I  do  not  think  we  are  troubled  so  much  with  the  insects 
as  with  boxes  which  freely  admit  the  air. 

Mr.  Andbew  Bell  supported  the  opinions  expressed  as  to 
oxidation  taking  place  with  variations  of  temperature  and  access 
of  air  or  moisture  to  the  flush  boxes.  Within  the  last  few  years 
the  method  of  protecting  the  wire  had  been  changed.  Tests  of  the 
old  method  of  using  tarred  tape  showed  a  loss  of  from  22  to  30 
per  cent.  Paraffin  was  tried,  but  was  found  too  brittle.  Then 
ozokerit  was  applied,  being  much  more  plastic  and  pliable ;  and 
this  method,  instead  of  causing  a  loss,  actually  brought  about  a 
gain  of  from  10  to  12  per  cent,  when  the  wire  is  closely  wrapped 
with  the  tape. 

(In  answer  to  Mr.  L.  Clark.)  Ozokerit  could  not  be  applied  to 
taped  gutta  percha  wire  in  the  same  way  as  tar  is  applied — ^by 
running  the  wire  through  the  tar—on  account  of  its  high  melting 
point.  The  tape  is  first  prepared  by  running  it  through  melted 
ozokerit  to  which  a  small  proportion  of  Stockholm  pitch  is  added, 
to  give  substance  and  fill  up  the  pores  of  the  tape,  and  is  served 
on  the  gutta  percha  wire  when  cold.  Referring  again  to  the 
use  of  Stockholm  tar,  it  was  necessary  to  heat  it  to  about  100^  Fah., 
in  order  to  saturate  the  tape,  and  this  degree  of  heat,  together  with 
the  creosote  in  the  tar,  was  no  doubt  the  cause  of  insulation  being 
80  much  impaired  by  this  mode  of  protecting  gutta  percha  wire. 

Mr.  A  J.  S.  Adams  asked  if  atmosphere  confined  in  sealed 
boxes  was  not  liable  to  become  hot  or  impregnated  with  gas,  and 
Bo  affect  the  gutta  percha  ? 

Mr.  Fleetwood  gava*****^  ir  in  sealed 

boxes  would  become  mo-v        >    •  ariations. 
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He  had  lately  cured  as  many  as  35  faults  by  cuttiEg  out  a  short 
piece  of  pipe  and  inserting  a  sealed  bos. 

Professor  Atbton  :  I  recently  noticed  in  the  Electi'otechnisdi 
Zeitachrift  that  the  plan  follovred  in  laying  dowa  the  new  under- 
ground wires  in  Vienna  was  to  place  tbem  in  troughing,  and  then 
fill  up  the  ti'ougliing  with  cement,  thus  permanently  closing  up 
the  wires  in  a  solid  mass,  and  carrying  out  practically  on  a  large 
scale  the  sealed-bos  method. 

Mr.  L.  Clark  :  I  may  mention  that  it  has  now  become  the  usual 
practice  with  the  various  submarine  cable  companies  with  which 
my  firm  is  connected,  to  carry  their  connecting  wires  from  the 
cable  end  to  the  testing  house  or  office,  where  the  land  line  ends  in 
iron  pipes  filled  with  water;  some  sections  of  the  kind  being  as 
much  as  10  or  II  miles  long.  A  reservoir  of  water  is  fixed  at  the 
highest  level,  and  from  this  a,  constant  supply  is  provided  to  the 
pipes,  to  replace  any  leakage  that  may  take  place,  and  keep  them 
constantly  filled  with  water.  In  hot  climates  this  plan  answers 
admirably ;  and  altliough  it  Las  been  very  extensively  employed 
during  the  past  four  or  five  years,  not  a  single  instance  of  fault  has 
has  occurred  either  from  lightning,  earth  currents,  insects,  heat,  or 
other  causes.  So  far  as  experience  has  yet  been  gained,  the  plan 
ja  a  perfect  success,  and  it  will  in  all  probability  become  univeisallj 
adopted. 

Mr.  D.  BaoOKS  (Philadelptia),  on  being  asked  by  the  President 
to  describe  the  system  of  laying  wires  underground,  which  had 
been  adopted  in  Brussels  and  France,  said  :  For  twenty  years  I 
have  tried  to  find  some  cheap  system  of  telegraphy.  Gutta  percha, 
like  every  other  vegetable  compound,  oxidises  or  decays  when 
exposed  to  the  air.  Its  preservation  in  water  reminds  me  of  the 
fact  that  in  the  swamps  of  New  Jersey  trees  are  now  being  dug  up 
from  a  depth  of  20  feet,  which  have  been  in  the  swamps  for  an 
unknown  number  of  years,  ajid  are  perfectly  sound,  and  in  fact 
have  been  preserved  by  their  moist  surroundings.  So  I  think 
with  percha  ;  if  it  be  kept  constantly  in  pure  water  it  ia  protected 
from  decay.  But  gutta  percha  is  expensive,  and 
been  to  substitute  a  cheaper  material.  I  tried  resin 
kinds  of  hydro- carbons;  tars,  asphalte,  and  so  fori 
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qjecimens  in  the  ground ;  and,  in  tlie  belief  that  I  had  something 
really  valuable,  applied  for  a  patent,  but  found  that  somebody 
in  England  had  travelled  on  the  same  road  before  me.  My 
Bpecimens  began  to  fail.  I  filled  the  pipes  with  paraffin  was  and 
worked  the  wires  while  submerged  in  water,  but  their  insulation 
went  down,  due,  I  subsequently  ascertained,  to  cracks  in  the 
paraffin  wax  admitting  moisture.  I  conceived  the  idea  of  filling 
the  pipe  with  an  oil,  and  of  using  pressure  in  the  pipe  to  keep 
ODt  the  intruding  moisture,  and  that  is  the  origin  of  my  present 
lyfltem.  I  have  here  a  specimen  of  the  cable  now  being  used 
mth  my  system  by  the  Western  Union  Telegraph  Company 
ttween  New  York  and  Philadelphia :  it  is  of  30  wires,  each 
Wound  separately  with  jute,  and  1,200  feet  of  this  material  are 
-awn  in  at  a  time. 

The  telephone  working  the  wires  are  drawn  into  lead  pipes, 

md  I  have  here  a  specimen  of  telephone  cable  consisting  of  84 

It  is  found  for  telephone  working  that  the  smaller  the 

!  the  freer  it  is  from  induction  and  the  familiar  noisy  rattle. 
this  smallness  of  the  wire  admits  of  many  being  made  up  into  a 
i&ble  of  small  diameter,  which  can  be  easily  run  along  the  rools 

'.  eaves  of  houses  out  of  eight.  That  was  about  the  latest 
iovelty  in  America  when  I  left  on  the  24th  April  last. 

Mr.  Andrew  Bell  :  What  is  the  insulation  of  such  wires  1 

Mr.  Brooks  :  It  varies.*  The  insulation  and  electrostatic 
capacity  is  simply  a  question  of  distance  between  the  wires  and 
tiie  thickness  of  covering.  We  have  wires  now  that  run  to  1,000 
or  1,500  megohms  per  mile,  at  a  temperature  of  70°,  but  if  the 
insulation  is  very  thin,  then  the  figure  falls  or  rises  with  varying 
temperature. 

This  system  has  led  us  to  refine  paraffin  oil,  to  specially  prepare 
it  for  the  purpose  ;  and  when  we  get  oil  chemically  pure,  it  stands, 
electrically,  as  high  as  glass  or  any  other  substance.  With  pure 
oil,  good  cotton  fabric  for  separating  the  wires,  and  the  absence  of 
vegetable  acids,  the  insulation  is  very  high. 

The  Peesident  :  What  would  be  the  insulation  of  wires  such 
Bs  the  specimen  you  now  hold  ? 

^h  'See  Abstracts,  p.  824. 


DISCUSSION  OK  MK.  PEEECE'S  PAPEB. 


[May  131 


Mr.  BeoOKS  :  The  foreman  of  the  Western  Union  Compai 
gave  it  as  200  megohms,  at  a  temperature  of  100°.  The  greatei 
the  number  of  wires  used  in  this  manner  for  telephonic  purpose 
the  less  the  induction.  When  all  the  wires  in  a  cable  (ae  in  tb 
Bpecuuen  before  you)  are  connected  with  the  earth,  and  two  of  then 
are  used  for  telephone  circuits,  no  interference  is  perceptible,— 
and  in  practice  it  aeems  that  the  effect  is  dimiuished  in  proportion 
to  the  number  of  wires, — and  it  is  this  fact  that  enables  the  t 
(which  are  like  spidere'  neata)  of  the  telephone  exchanges  in  Nen 
York  and  Philadelphia  to  work  without  difficulty. 

The  Peesidentt   I  am  very  gratified  to  find  that  my  i&li 
remarks    have    elicited    so    much    interesting    information 
evening.     The  main  fact  that  we  have  learned  with  regard  i 
the  durability  of  gutta  percha  is  that  certain  conditions  must  1 
observed  to  procure  durability.     These  are,  to  exclude  from  the; 
percha  the  oxygen  of  the  air,  the  variations  of  the  temperature  o 
the  air,  and  the  depredation  of  insects.     All  these  qualities  t 
contained   in  sean  and   rivers,    and  the  plan  described   by   Mr^ 
Latimer  Clark  also  fulfils  them  in  the  East  and  other  places,  i 
is  worthy  of  trial  in  England. 

Mr.  Latimer  Clark  forgot  to  mention  one  little  incident  cout 
nected  with  this  subject,  viz.,  that  many  years  ago  I  carried  out 
an  experiment,  under  bis  instructions,  with  the  view  of  preserving 
decayed  gntta  percha  wires.  A  lot  of  old  cracked  and  decayed, 
wires,  runoing  along  a  tunnel  at  Southampton,  were  taken  aai^ 
placed  in  wooden  troughing,  which  was  then  filled  with  a  mixturOi 
of  tar  and  pitch,  and  the  wires  remained  in  perfect  condition  for 
15  years,  when  they  were  disturbed  by  the  removal  of  the  i 
This  is  another  proof  that,  with  the  exclusion  of  oicygen  i 
animal  life,  gutta  percha  is  very  durable. 

Before  the  next  paper  is  read,  I  would  say  that  we  s 
indebted  to  Mr.  Brooks  for  the  remarks  he  has  favoured  us  with.  ■ 

The  following  paper  was  then  read : — 
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)N    A    NEW    ELECTRICAL    SPEED    INDICATOR    FOR 

ENGINES. 

By  H,  R.  Kempe,  Member. 

The  indication  of  the  speed  of  engiDes  has  very  often  been 
attempted.  Various  instruments  have  beeu  devised  for  the  purpose, 
Bome  complicated,  and  others  aimple  in  their  character.  Perhaps  the 
simplest  apparatus  is  one  by  Messrs.  Elliott,  fashioned  on  the  Bome 
principle  as  the  governor  of  a  steam  engine,  the  arms  of  the  indi- 
cator diverging  according  to  the  speed  of  the  engine.  Another  form 
coDBists  of  a  glass  tube  rotated  on  its  own  axis  in  a  vertical  position. 
The  tube  is  filled  with  oil,  and  the  centrifugal  force,  varying  accord- 
ing to  the  speed  of  the  engine,  causes  the  oil  to  rise  or  fall  within 
the  tube  piecisely  at  the  rate  at  which  the  tube  revolves.  But  all 
these  indicators  depend  for  their  accuracy  upon  variable  quantities, 
and  only  indicate  at  the  place  of  motion.  The  electrical  speed 
indicator  now  before  you  is  able  to  do  that  which,  as  far  as  I  know, 
none  of  its  predecessors  have  been  competent  to  do.  It  is  specially 
adapted  for  correctly  indicating  the  speed  of  an  engine  working  at 
a  d/iatance.  Besides,  it  possesses  another  peculiarity  differing  from 
other  methods,  inasmuch  as  it  is  not  dependent  upon  variable 
quantities,  but  ia  timed  by  means  of  a  clock.  Clocks  indicate 
divisions  of  time  perfectly  accurately,  and  therefore  any  instrument 
constructed  with  the  action  of  a  clock  as  its  basis  must  give  perfectly 
accurate  results.  This  instrument  before  you  indicates  the  speed 
of  the  engine  every  minute.  I  have  the  apparatus  connected  up. 
L  to  a  small  crank,  which  I  tarn  to  represent  the  motion  of  an  engine.  ■ 
I  A  clock  is  in  circuit.  On  turning  the  handle  a  given  number  of 
I  timea,  a  certain  number  of  motions  are  produced  in  the  instrument, 
and  at  the  end  of  a  minute,  when  the  second-hand  of  the  clock 
arrives  at  60,  the  hand  of  the  indicator  will  move  to  the  number 
of  times  I  have  turned  the  wheel  round,  and  will  there  remain  until 
the  next  minute.  If  the  speed  at  which  the  handle  is  turned, 
varies,  the  indicator-hand  will  move  backwards  or  forwards  in 
sympathy.  (Several  illustrationa  were  given.)  I  have  not  prepared 
diagrams  of  the  instrument,  and  without  them  it  is  di£&'^\^  \o 
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explain  its  action,  as  tlie  inecbaDiam  is  somewhat  peculiar.  Each 
revolution  of  the  engine  wheel  sends  a  current  or  pulsation  to  tie 
indicator,  and  acts  upon  a  ratchet  wheel,  which  moves  forward  one 
tooth  for  each  pulsation.  At  the  end  of  the  minute  the  hand  con- 
nected but  not  fixed  to  the  ratchet  wheel  is  released,  and  moves 
through  the  same  angle  the  latter  has  turned,  and  which  represents 
the  number  of  revolutions  transmitted.  As  soon  as  the  release  has 
taken  place,  the  indicator-hand  is  again  locked,  and  the  ratchet 
wheel  returns  to  zero,  ready  to  he  again  moved  forward  step  by 
step.  It  is  easy  to  understand  how  the  needle  can  be  made  to. 
follow  up  the  wheel,  but  I  think  it  is  not  so  easy  to  understand 
how  it  can  be  made  to  move  back,  and  it  is  this  that  is  difficult  t 
explain  without  diagrams. 

Confusion  might  happen  with  such  an  instrument,  by  current 
being  sent  by  the  engine  at  the  moment  the  clock  comes  int 
action,  but  this  is  avoided  by  the  use  of  an  "  accumulator,"  Thii 
accumulator  receives  and  adds  on,  as  it  were,  such  interim  cur- 
rents, if  I  may  so  term  them,  to  those  to  be  recorded  in  thl 
following  minute.  Of  course  the  principal  point  in  the  instrument 
is,  that  it  indicates  the  speed  of  an  engine  at  a  distance,  so 
all  concerned  may  see  with  what  regularity  the  engine  is  being 
worked.  The  necessity  for  such  an  instrument  was  felt  at  soma 
waterworks,  and  it  has  been  designed  specially  for  that  purpose; 
because  at  such  places  the  engineman  will  often  let  the  engine  get; 
slowly,  and,  finding  the  reservoirs  going  down,  put  on  a  spurt  to 
bring  the  quantity  to  the  proper  mark,  and  these  sudden  changes, 
rack  the  engines.  By  means  of  this  indicator,  a  check  is  kept  hy 
the  engineer  in  his  office  upon  his  subordinates.  Of  course,  the 
instrument  can  be  fitted  to  any  engine.  , 

Another  use  for  such  an  indicator  is  in  paying  out  telegraph 
cables,  when  it  is  necessary  to  know  the  number  of  revolutions  per. 
minute  of  the  paying.out  drum. 

I  ehall  be  happy  to  answer  any  questions  as  to  the  mechanism, 
"which  is  rather  difficult  to  describe,  as  I  said,  without  diagrams. 

Mr.  Latimee  Claek:  Of  course,  you  could  make  it  self- 
recording ;  say,  for  a  day  ? 

Mr.  Kbmpe  :  Yes ;  all  the  indications  could  be  easily  recorded. 
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by  the  instrument  itself  by  a  movable  diagram  less  than  two  feet 
square,  whicb  is,  I  think,  tlie  minimum  aize  on  which  such  an 
iiiHtrument  can  be  expected  to  record  itself  for  twenty-four  hours. 

Mr.  Stroh  :  As  I  understand  it,  the  instrument  does  not  show 
variations  during  the  minute  ? 

Mr.  Kempe  :  That  is  so.  It  indicates  the  mean  speed  during 
the  minute,  which  was  thought  sufficient  for  the  large  pumping 
engines  for  which  it  was  designed. 

Mr.  Stkoh  :  T  was  thinking  more  of  paying-out  cables. 

Mr,  Kejtpe  :  My  experience  in  that  respect  is  limited,  but  I 
ahould  think  that  in  the  short  space  of  a  minute  variations  of 
speed  could  not  he  very  great. 

The  Phesident  ;  Mr.  Kempe  forgot  to  say  that  he  not  only 
designed  the  instmment,  but  he  actually  made  it  himself.  It 
altogether  reflects  very  great  credit  on  him,  and  I  am  sure  we  are 
all  obliged  to  him  for  bringing  it  before  us  and  so  clearly  describing 

The  following  paper  was  then  read  : — 

pN  AN  IMPROVED  FORM  OF  WHEATSTONE  RECEIVER. 
By  J.  WlLLMOT,  Associate. 
The  improved  form  of  receiver  which  I  have  the  honour  of 

tringing  before  the  Society  this  evening  has  been  designed  to  meet 
ttie  increasing  requirements  o£  the  postal  telegraph  service,  to 
secure  a  higher  rate  of  speed. 

As,  no  doubt,  the  majority  of  the  members  of  this  Society  are 
ftware,  the  present  form  of  Wheatstone's  Receiver  is  dnven  by 
]3  of  a  spring,  which  ia  somewhat  irregular  in  its  action,  the 
epeed  of  slip  being  25  feet  per  minute  when  the  spring  is  fully 
iround  up,  and  only  19  feet  per  minute  when  the  spring  is  near 
the  end  of  its  action. 

In  designing  the  improved  form  of  receiver  now  before  the 
iSociety,  I  have  endeavoured  to  fulfil  the  following  conditions : — 

1.  That  it  should  record  at  fully  200  words  per  minute. 

2,  That  the  electrical  and  delicate  mechanical  portions  should 
easily  detached  from  the  more  Bubstantial  parts  of  the  instru- 
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3.  That  it  should  be  impossible  to  separate  them  without  firsi 
locking  the  weight  or  driving  portion. 

4.  That  when  the  locking  operation  haa  been  performed,  it 
should  be  impossible  to  accidentally  release  it. 

I  will  now  ask  you  to  be  so  good  as  to  look  at  the  diagram. 
You  will  observe  that  the  two  parts  of  ihe  instrument  are  joined 
or  geared  together  by  means  of  a  joint  constructed  upon  that 
known  as  the  bayonet  principle,  and  that  the  action  of  the  weight 
is  to  keep  the  flat  surface  of  the  joint  pressing  against  the  pin  (A). 


It  will,  therefore,  be  easily  understood  that  the  two  portions  of  the 
instrument  cannot  be  separated  on  account  of  the  projecting  part 
(B)  of  the  socket  preventing  the  withdrawal  of  the  pin  referred  to. 
You  will  also  notice,  by  reference  to  the  enlarged  diagram 
(representing  the  locking  gear),  that  the  click  wheel  and  "paul" 
are  rather  peculiar  in  shape,  aitd  that  when  the  "  paul "  is  placed  in 
gear  with  the  wheel  it  becomes  locked,  on  account  of  the  teeth  of 
the  wheel  being  undercut. 


To  separate  one  portion  of  the  instrument  from  the  other,  it  ii 
necessary  to   raise   the  "paul"   (E)  until   it  passes  its 
podtioQ,  the  spring  (C)  then  comes  into  operation   and   pre 
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the  "paul"  against  the  click  wheel  (D).  By  these  means  the 
weight  is  brought  to  a  standstill,  and  is  securely  locked  until  the 
click  wheel  is  turned  (by  means  of  the  handle  provided  for  the 
purpose)  into  such  a  position  as  to  permit  of  the  "paul"  being 


When  the  weight  hns  been   brought  to  a  state  of  rest  (as 

already  described),  the  pin  (A)  is   carried  forward,  by  reason  of 

the  momentum  acquired  by  the  traiuwork,  into  the  position  shown 

L  upon  the  diagram  at  F.     The  parts  can  now  be  easily  separated. 

I  The  instrument  now  before  the  Society  has  already  been  worked 

I  a  London  and  Liverpool  circuit  at  a  speed  of  250  words 

Mr  minute. 

It  is  intended  that  that  portion  of  the  instrument  comprising 
I  paper  draws,  weight,  etc.,  shall  be  permanently  fixed  in  the 
wrating  rooms,  and  that  the  smaller  portion,  containing  the  more 
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intricate  parts,  should  only  be  sent  between  the  workshops  in 
London  and  the  various  telegraph  stations  throughout  the  country. 

In  conclusion,  I  must  state  that  the  instrumenti  which  will  be 
shown  in  operation  this  eyening,  was  manufactured  by  Mr.  Stroh; 
and  I  think  you  will  agree  with  me  that  it,  if  possible,  surpasses 
his  already  high  standard  of  mechanical  work. 

The  meeting  terminated  with  a  ballot,  at  which  the  following 
were  elected  :— 

As  Member  : 
Dr.  John  N.  Culbertson« 

As  AseoGiates : 
J.  Mackenzie. 
A.  L.  Paul. 
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Ttie  Ninetieth  OrdLoary  General  Meeting  o£  the  Society  was  held 
on  Wednesday  evening,  May  26th,  1880,  al  the  Institution  of 
Civil   Engineers,   25,   Great  George   Street,   WeBtminster — 

(I   Mr.  W.  H,  Pebeoe,  President,  in  ttie  Chair. 
I  The  minutes  of  the  last  meeting  were  read,  and  the  names  of 
Bw  candidates  announced. 

The  Peesident  ;  I  have  to  call  your  attention  to  the  fact  that 
tlie  catalogue  of  the  Ronalds  Library  is  now  ready  for  distribution 
to  subscribers.  It  has  been  issued  in  two  forms :  one  a  large 
Imndsome  volume  interleaved  for  remarks  and  additions,  and  the 
other  a  more  portable  volume.  The  prices  originally  fixed  for  the 
catalogue  to  subscribers  were  lOs.  for  the  larger,  and  6s.  for  the 
smaller  copy ;  the  pricea  to  the  public  being  20s.  and  16a.  respec- 
tirely.  It  has  been  decided  by  the  Council  to-day,  that,  to  all 
members  who  have  not  already  intimated  their  intention  to 
mbscribe,  the  price  of  the  large  volume  will  be  15b.,  and  that  of 
the  smaller  one  ICa. ;  and  it  is  requested  that  any  one  desirous  of 
obtaining  copies  will  hand  in  their  names  to  the  Librarian. 
The  following  paper  was  then  read : — 

A  DECADE  IN  THE  HISTORY  OF  ENGLISH 
TELEGRAPHY. 

By  Edwaed  Graves. 

When  the  idea  of  this  paper  was  first  suggested  to  me,  I  had 
intended  to  cover  a  much  larger  field  than  that  I  shall  occupy  by 
Illy  remarks  this  evening. 

It  was  my  intention  to  have  contrasted  the  position  of  the 
Electric  Telegraph  in  1869  and  iu  1879,  aa  far  as  possible, 
tWughout  the  whole  world,  including  both  submarine  and  land 
lines.  But  I  found  that  the  time  required  to  obtain  the  necessary 
mformation,  and  the  labour  involved,  would  postpone  the  realisa- 
tion of  my  idea  until  much  too  late ;  and  I  fear  that,  had  I 
succeeded  in  carrying  out  my  original  design,  I  should  have 
produced  a  mass  of  figures  so  unwieldy,  that  whatever  interest 
they  might  have  possessed  in  themselves  would  have  been  lost  in 
their  magnitude.  Therefore,  I  have  thought  it  preferable  to 
VOL,    15.  T 
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conliae  the  remarks  I  propose  to  adtlress  to  you  to  the  facts  of 
English  Telegraphy  proper,  excluding  entirely  from  consideration 
the  submarine  cables  whicli  connect  our  lelanda  with  the  Continents 
of  Europe  and  America. 

In  popular  eBtimates  of  the  progress  of  telegraphic  communi. 
cation,  it  is  usual  to  consider  only  the  development  of  the  electric 
agent  as  applied  to  the  exchange  of  ordinary  mesaagea  between 
individuals,  and  for  the  service  of  the  Press — in  other  words,  the 
commercial  telegraph.  It  is  sometimes  overlooked  that  another 
sphere  equally  important  is  filled  by  it,  and  that  it  is  to  the 
growth  and  use  of  the  electric  telegraph  that  the  multiplication 
of  railway  trains  is  made  possible,  and  that  their  speed  can  safely 
be  allowed  to  reach  its  maiimum,  however  numerous  they  are, 
In  fact,  railway  working,  as  ve  know  it,  would  he  impracticable 
were  not  the  telegraph  at  hand  to  facilitate  the  necessary 
arrangements. 

In  reality,  the  use  of  the  electric  telegraph  in  thia  country 
was  introduced  in  the  first  instance  mainly,  if  not  solely,  for 
railway  service. 

In  1837,  Cooke  and  Wheatstone's  five-needle  telegraph  was 
tried  successfully,  on  a  small  scale,  by  the  London  and  Bixmingbaui 
Railway  Company  near  London. 

Subsequently  it  was  tried  by  the  Great  Western  Railway 
Company  between  Slough  and  Paddington,  and  its  use  gradually 
but  rapidly  estended  over  most  important  trunk  lines. 

Wires  were  erected  on  the  various  railways  by  Messrs.  Cooke 
and  Wheatstone,  the  patentees  of  the  only  telegraph  then  in 
practical  use.  Their  primaiy  object  was  railway  service — the 
exchange  of  messages  between  stations  in  the  interests  of  railway 
traffic ;  hut  it  was  soon  found  that  the  public  would  employ  the 
telegraph  if  it  were  thrown  open  to  them,  and  the  railway 
companies  generally  allowed  their  clerks  to  forward  public 
messages,  as  a  favour,  upon  payment  of  high  rates.  Thus  we 
see  that  commercial  telegraphy  was,  as  it  were,  grafted  upon 
railway  telegraphy.     The  two  grew  together. 

In  1846  the  first  telegraph  company  properly  so  called  was 
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incorporated — the  Electric  Telegraph  Company.  The  object  of 
that  company  was  with  larger  capital  to  continue  the  operations 
Messrs.  Wheatstone  and  Cooke  had  undertaken,  i.e.,  to  build 
telegraphs  for  railway  purposes,  heing  repaid  the  capital  outlay 
by  a  rental  charge  or  as  might  be  arranged,  and  in  either  case 
undertaking  to  maintain  and  keep  in  order  the  telegraphs  they 
pat  up.  For  this  last  service  they  received  payment.  An 
abatement,  however,  was  made  in  their  charges  in  consideration 
of  the  concession  to  them  of  certain  rights.  They  obtained  the 
power,  for  example,  of  putting  up  wires  for  themselves  upon  the 
same  poles  that  supported  those  erected  for  the  railway  company; 
and  they  had  the  right  of  taking  the  receipts  for  messages 
from  the  public  that  might  be  earned  by  the  secondary  use  of  the 
railway  wires  as  a  further  perquiate.  In  fact,  in  those  days, 
although  the  relative  growth  of  commercial  telegraphy  was  con- 
siderable, seeing  its  recent  commencement,  still  its  absolute 
value  waa  so  far  insignificant  that  the  railway  companies 
regarded  it  as  a  thing  of  little  importance. 

The  Telegraph  Company  was  also  allowed  to  erect  separate 
lines  of  poles  and  wires  for  itself  on  railways,  and  to  avail  itself 
of  the  services  of  the  clerks  of  the  latter  in  their  spare  time. 

When  the  telegraphs  were  transferred  io  the  State,  one 
of  the  earliest  duties  deyolving  upon  the  Post  Office  was  to 
disentangle  itself  from  numerous  agreements  of  the  character 
indicated;  and,  unfortunately,  this  involved  liberal  compensation 
to  the  railway  companies  for  all  that  they  had  lost,  without  any 
corresponding  allowance  for  what  the  Department,  succeeding  to 
the  telegraph  companies,  had  surrendered. 

As  time  went  on,  it  was  found  that  telegraph  companies  might 
subsist  without  the  aid  of  railways.  The  public  had  become 
awake  to  the  utility  of  their  commercial  operations,  and  the 
magnitude  of  the  business  was  sufficiently  considerable  to  render 
the  speculators  therein  independent  of  the  aid  that  had  formerly 
been  necessary  for  their  support.  Some  time  before  the  action 
of  the  Post  Office  brought  on  a  complete  separation  of  interests, 
there  had  been  a  growing  tendency  to  divergence  on  the  part  of 


362  A  DECADE  IN  THE  HIBTOKT  OP  [May  3Btli, 

railway  and  telegraph  companies.  Railway  companies,  in  some 
instances,  had  determined  to  do  the  whole  commercial  business 
that  could  be  earned  at  their  stations  on  their  own  account,  so  fcr 
as  they  were  enabled  to  conv^ey  it.  Others  had  left  the  righteof 
the  telegraph  companies  alone,  so  far  as  commercial  matters  were 
concerned,  but  had  undertaken  the  maintenance  and  5upervisi<m 
of  their  own  purely  railway  telegraphs.  The  time,  in  short,  was 
visibly  approaching  when  a  community  of  interest  would  no 
longer  exist;  and  had  the  telegraph  companies  carried  on  their 
operations  until  tbe  existing  agreements  expired,  there  is  no 
doubt  but  that,  at  best,  they  could  only  have  renewed  them  on 
terms  far  leas  satisfactory  to  themselves,  and  far  more  profitable 
to  tbe  railway  companies. 

In  one  respect  this  separation  of  interests  was  unfortunate 
with  regard  to  the  all-roundness,  so  to  spea^,  of  the  indiTidualE 
employed  in  the  carrying  on  and  supervision  of  telegraphic  opera- 
tions. 

Twenty  years  ago  a  telegraph  engineer  or  superintendent  had 
to  interest  himself,  not  only  in  the  business  of  conveying  commer- 
cial telegrams,  and  to  consider  the  cheapest  and  most  efficient 
means  by  which  he  could  perform  this  service  for  the  public,  but  he 
had  also  to  study  the  needs  and  peculiarities  of  railway  traffic, 
The  same  man,  for  example,  Tvas  interested  in  the  working  of  loi^ 
circuits  requiring  high  insulation  and  worked  by  rapid  instrumentB, 
and  in  circuits  to  which  insulation  was  comparatively  of  trivial  im- 
portance, but  which  required  for  their  operation  apparatus  capable 
of  conveying,  not  words,  as  in.  the  ordinary  telegraph,  but  distinct 
signals,  each  of  which  should  represent  practically  a  sentence. 
The  field  in  which  such  officers  individually  worked  was  larger 
than  at  present,  but,  of  course,  tbe  actual  work  done  was  of  less 
magnitude  ;  and  following  the  principle  of  the  division  of  labour, 
possibly  the  separation  has  resulted  in  the  more  perfect  develop- 
ment of  both  branches  of  the  service. 

I  have  therefore  thought  it  right  to  treat  tbe  commercial  and 
railway  telegraphs  of  the  kingdom  as  what  they  now  actually  are, 
distinct  and  definite  things ;  and  tbe  first  consideration  is  given  tu 
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THE  PHOGEESS  OF  COMMERCIAL  TELEGBAPHT. 
I  have  already  stated  that  in  1846  the  first  telegraph  company 
in  Eugland  was  incorporated. 

A  few  years  later,  I  think  in  1850-51,  the  British  Telegraph 
Company,  the  European  Telegraph  Company,  and  the  Magnetic 
Telegraph  Company  all  came  into  existence.  After  various 
vicissitudes,  these  companies,  or  what  remained  of  them,  amal. 
gamated  under  the  name  of  the  British  and  Irish  Magnetic 
Telegraph  Company.     This  was  in  1856.7, 

Later  atill,  in  1860  or  1861,  the  United  Kingdom  Telegraph 
Company,  which  had  been  projected  many  years  before,  assumed 
a  real  existence.  This  company  differed  from  the  former  com- 
panies, inasmuch  that  it  was  wholly  unconnected  with  railways. 
There  were  one  or  two  short  lines  of  railway  over  which  its  poles 
[  ware  erected ;  but  I  believe  that  in  every  case  the  railway  was 
treated  only  as  a  route  to  be  followed  :  there  was  no  arrangement 
for  mutual  services  or  anything  of  that  sort  subsisting ;  at  any 
rate,  if  ihere  was,  it  was  only  the  exception  that  proved  the  rule. 

Then  various  local  companies  were  established. 

The  Loudon  District  Company,  afterwards  termed  the  London 
Provincial  Company,  had  its  sphere  in  the  Metropolis  and  suburbs. 

The  Bouelli  Telegraph  Company,  between  Manchester  and 
Liverpool. 

The  Economic  Telegraph  Company,  and  several  others  whose 
existence  was  ultimately  unprofitable,  and  whose  careers  were 
brought  to  a  more  or  less  untimely  end. 

About  1861  another  field  of  telegraphic  operations  was  tapped 
on  a  considerable  scale  for  the  first  time — the  Universal  Private 
Telegraph  Company  waa  started.  Prior  to  that  time,  private  wires, 
i.e.,  telegraphs  for  the  exclusively  private  service  of  certain  indi. 
vidiials  or  associations,  had  been  erected  by  the  different  companies 
existing ;  but  this  company  commenced  with  the  distinct  object  of 
laying  itself  out  to  construct  wires  solely  for  private  tise — from 
the  offices  of  firms  to  their  workshops,  and  the  like.  Afterwards 
it  grafted  a  certain  amount  of  public  traffic  in  the  West  Highlands 
upon  the  original  system,  but  to  the  end  its  main  object  continued 
the  same,  i.e.,  the  erection  of  private  wires. 
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In  1869  there  were  existing  in  the  United  Kingdom 
than  twenty-nine  separate  undertakings  apeciaUy  devoted  to 
transmission  of  telegraph  messages,  wholly  independent  of  raili 
companies,  who   employed  their  wires  secondarily  for  the 
purpose.      These   undertakings  varied   in   magnitude,  from 
Electric  Telegraph  Company,  working  throughout  the  whole  of 
United  Kingdom,  to  the  Tavistock  and  Princetown  Company, 
possessed  one  wire  a  very  few  miles  in  length,  but  all  had  to 
acquired  when  the  State  was  granted  the  monopoly  of  the  tranBi 
miflsion  of  messages  for  money  ;  and,  besides  the  land  lines,  it  was 
necessary  that  the  cables  reaching  to  the  Isle  of  Man  and  U» 
Channel  Islanda  should  also  be  purchased. 

There  were  certain  railways  which  were  carrying  on  telflgii^ 
basinesB  on  a  comparatively  large  scale.  The  districts  occupied,  far 
example,  by  the  South  Eastern  Railway,  London  Chatham  and 
Dover  Railway,  the  London  Brighton  and  South  Coast  Railway, 
and  the  North  British  Railway  Company,  had  either  never  bara 
wholly  handed  over  to  the  telegraph  companies,  or  had  heaa 
taken  out  of  their  hands,  so  far  as  it  was  in  the  power  of  the 
railway  companies  to  do  so,  prior  to  the  date  referred  to,  i.e.,  1869. 

These  railway  companies  were  compensated  for  the  actnal 
business  they  were  doing,  and  others  obtained  compensation  is 
consideration  of  the  loss  of  their  reversionary  power  of  cair^ng 
on   such    business,   i.e.,    when   free   from    their   engagements  to 


In  some  instances  a  telegraph  company  and  a  railway  c(mpuj 
treated  with  each  other  as  independent  powers,  but  worked 
anoicably.  For  example,  the  Korth  British  Railway  Company  and 
the  Electric  Telegraph  Company  were  allied,  but  neither  w« 
annexed,  so  to  speak,  by  the  other.  The  North  British  Gompai^ 
possessed  certain  poles  on  ite  line,  and,  say,  from  Berwick  to 
Edinburgh,  the  Electric  Telegraph  Company  were  entitled  to  ham 
certain  wires  on  those  poles,  and  to  work  them  from  any  point  not 
on  the  railway,  for  their  own  benefit  and  at  their  own  rates.  On  the 
other  hand,  the  radway  company  picked  up  all  the  messages  ttaj 
could  a.t  their  railway  stations,  and,  if  they  were  enabled  to  deliver 
them  at  another  station,  did  so,  retaining  the  receipts  themselves. 


0.] 


ENGLIBH  TELEORAPHr. 


K  they  were  not  able  to  cany  a  messE^e  to  ita  destination,  they 
tanded  it  over,  aay,  at  Edinburgh,  to  tlie  telegraph  company,  charg- 
mg  their  own  rate  to  that  place,  and  the  telegraph  company's  rate 
from  it  to  the  distant  station.  Thus  it  will  be  seen  that  in  this  case 
there  were  two  distinct  interests  upon  the  same  ground. 

So  matters  were  conducted  until  an  agitation  arose  in  favour 
of  the  control  of  the  telegraphic  commmiication  of  the  country 
by  the  State.  It  culminated  in  a  measure,  passed  in  1868, 
authorising  the  Post  Office  to  buy  up  and  extinguiah  exisliBg 
interests  in  commercial  telegraphy. 

The  Telegraph  Act  of  1868  did  not  contemplate  granting  a 
monopoly  to  the  Post  Office.  Mr.  Scudamore  did  not  ask  for  it. 
However,  before  the  Money  Bill  to  make  good  the  purchase  was 
paaeed  in  1869,  the  political  authorities  had  determined  that  a 
monopoly  of  the  right  of  sending  telegrams  for  money  was  necessary, 
and  it  was  therefore  acquired. 

The  year  1869,  the  last  complete  year  of  the  telegraph 
companies,  was,  in  some  sense,  a  period  of  stagnation.  The 
arrangements  made  with  the  Government  practically  put  an  end  to 
their  future  career  in  186S,  and  until  the  purchase  was  completed 
their  main  object  was  to  spend  as  little  as  possible,  ao  as  to  realise 
the  utmost  immediate  profits.  The  a-ctual  business  grew,  as  it  had 
atquired  a  habit  of  doing,  and  the  receipts  were  larger  than  in  the 
preceding  year,  but  nothing  was  done  to  encourage  the  progress  of 
tdegra^hy. 

I  propose,  therefore,  to  take  this  period,  when  the  active 
sxertious  of  the  companies  were  suspended,  and  compare  its  results 
wjtk  those  attained  in  the  year  1879,  when  for  ten  years  the  com- 
meDcial  telegraphs  of  the  country  bad  been  transferred  to  Hm 
State. 

la  1869  the  lines  of  telegraph  available  for  public  use  extended 
from  Penzance  to  Wick,  and  from  Lowestoft  to  Galway.  In  fact, 
the  succeeding  ten  years  have  only  carried  them  on  to  Scilly  and 
the  Shatlanda,  so  far  as  regards  the  main  north  and  south  routes. 
But  while  the  country  was  traversed  by  electric  lines,  it  was  not 
covered  by  them  :  they  were  very  widely  severed  in  some  districts. 
WholB  counties  were  dependent  upon  a  single  tbieai  ol  cwiCKsmv- 
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cation,  and  towns  far  from  a  railway  were  in  many  instances  utterly 
ignored.  The  telegraph  had  penetrated  to  places  where  com. 
mercial  activity  was  rife,  and  whence  profits  could  be  drawn,  but 
it  had  not  been  utilised  for  the  benefit  of  rural  districts,  nor  bad  it 
as  a  rule  been  establiBhed  where  commercial  success  could  not  be 
reckoned  upon.  In  fact,  the  only  chance  of  finding  a  telegraph 
office  in  a  village  was  in  the  event  of  its  also  being  a  railway 
station  where  there  was  a  telegraph  available  primarily  for  rail. 
way  purposes,  or  of  a  trunk  road  line  passing  through  to  some 
large  seat  of  commerce,  upon  which  the  company  had  established 
an  intermediate  office. 

In  1879  the  country  was  almost  uniformly  dotted  over 
telegraph    offices.       Commercial   considerations    alone    were 
longer  kept  in  view,  and  telegraphic  facilities  were  given  in  mi 
instances  to  very  small   communities  far  from  any  commei 
centre. 

In   1869   the   total  number   of  telegraph   offices  was  2,< 
railway  stations  open  for  telegraph  business  included. 
In  1879  it  had  reached  5,331. 
But  the  increase  of  convenience  is  in  reality  much  greater  tlutiL 
is  expressed  by  these  figures. 

In  1869  there  were  three,  and  in  some  cases  four  companies 
all  competing  with  each  other,  and  all  having  offices  in  the  same 
quarters  of  large  towns,  very  often  close  together.  So  that, 
although  a  town  might  contain  three  telegraph  offices,  the 
accommodation  to  the  inhabitants  was  really  only  that  of  one. 

Under  the  present  regivie  all  this  is  changed ;  and  to  express 
the  difference  in  the  aecommodation  given,  at  least  500  officefl 
should  be  added  to  the  actual  number  now  open,  or  rather  a 
deduction  of  that  number  made  from  those  formerly  existing. 

In  1869  the  total  number  of  messages  transmitted  by  the 
companies  was  from  6,000,000  to  6,500,000. 

I  am  obliged  to  estimate  the  number,  because  for  this  year  no 
reliable  statistics  were  kept.  The  figures  of  1868  were  compiled 
by  most  of  the  large  companies,  but  the  smaller  ones  were 
deficient  in  this  respect  for  both  years. 

There  is,  besides,  another  source  of  inaccuracy  which  I  do  not 
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tiiink  has  been  observed  in  any  former  comparison  of  the  kind, 
that  is,  each  company  counted  the  number  of  messages  passing 
over  its  own  wires  without  regard  to  the  fact  that  the  same 
messages  were  counted  again  on  the  wires  of  another  company. 
Let  me  illustrate.  A  message  proceeding  from  Douglas  to 
Galway  is  of  course  in  1879  one  message.  But  a  similar  message 
ha  1869  would  be  reckoned  one  message  on  the  Isle  of  Man  Com- 
pany's liae,  one  message  on  the  Electric  Company's  line,  i.e., 
from  Whitehaven  to  Dublin,  and  one  message  on  the  Magnetic 
Company's  line,  from  Dublin  to  Galway.  The  total  number  of 
messages  thus  transferred  from  one  company  to  another  was  very 
large,  and  in  consequence  the  published  figures  on  the  point  are 
vitiated  by  a  great  inaccuracy.  I  believe,  however,  that  the  totals 
I  have  given  are  at  any  rate  a  close  approximation  to  the  fact. 

The  total  number  of  messages  transmitted  over  the  English 
land  lines  in  1879  (more  exactly  for  the  financial  year  ending 
31st  March,  1880)  was  26,547,137,  being  an  increase  of  more  than 
fourfold  over  those  of  the  corresponding  period  ten  years  ago. 

In  1869  the  total  number  of  miles  of  wire  used  exclusively 
for  commercial  traffic  was  under  50,000,  some  part  of  which 
length  was  by  the  provisions  of  the  Acts  of  1868  transferred  to 
b  railway  companies  upon  the  acquisition  of  the  telegraphs  by  the 
@tate,  and  does  not  now  count  as  commercial  wire. 

In  addition,  the  telegraph  companies  had  the  partial  or  second- 
ary use  of  the  railway  wires. 

In  1879  the  mileage  of  Post  Office  wires  used  for  commercial 

»          traffic,  existing  on  railways  was  54,067  miles. 
Existing  on  roads  and  can^s      ...  46,784     „ 
Existing   in  the  local  submarine 
cables 1,805 

I  This  mileage  also  was  supplemented  to  some  extent  by  the  use 

of  railway  wires,  which,  under  various  arrangements,  are  still  avail- 
able to  the  public. 

In  1869  the  number  of  instruments  fixed  upon  commercial 
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-wires,  and  used  to  work  them,  was  as  neailj  as  can  be  ascertuned 
about  2,200. 

In  1879  the  number  was,  of  various  kinds,  8,151, 

On  tbis  point  I  may  mention  tbat  the  iucreage  in  the  rapii 
of  tbe  instrument:^  employed,  i.e.,  their  average  power  of 
mitting  messages,  is  far  greater  than  that  of  iheir  numbers. 

In  1869  there  were,  for  esample,  two  Wheatstone  automatic 
circuits  existing  in  Great  Britain, — one  London  to  MancheBtWj 
one  London  to  Newcastle, — worked  by  four  instruments. 

In  1879  there  were  173  such  instruments  employed. 

In  1869  no  duplex  instruments  existed. 

In  1879  there  were  392  employed.  i 

This  means,  in  effect,  that  wires  formerly  worked  by  ordinaijB 
instruments  bad  been  practically  doubled  in  numbers  by  tbe  adopi- 
tiou  of  the  duplex  system. 

In  1869  quadruplex  of  course  had  not.  been  thought  of. 

In  1879  there  were  six  circuits  worked  by  tbat  invention, 
makiug  the  six  wires  equal  to  twenty-four  in  carrying  capacity. 

In  1869  no  Morse  sounder  instruments  were  employed. 

In  1879  there  were  1,374  of  these  instruments  in  use, 
result  being  that  an  equal  numter  of  Morse  printers  were  dispeni 
with. 

Various  statements  have  been  made  from  time  to  time  to 
eSect  that  the  Government  monopoly  of  commercial  tele^^aj 
stifled  invention.  Such  statements  are  wholly  without  foundatioE 
TSo  invention  promising  either  superior  results  to  those  previously 
attained,  or  promising  to  effect  equal  results  with  greats  economy,., 
or  other  di.itinct  advantages,  will  ever  be  otherwise  than  welcoiM 
to  tbe  Department.  Whatever  will  enable  it  to  do  its  work  bettn 
or  cheaper  must  surely  ha  as  valuable  to  tbe  State  as  it  could  bl 
to  any  private  company.  U 

I  was  looking  the  other  day  at  the  report  of  tbe  examinati<m  m 
Mi.  Scudamore  on  the  1st  July,  1868,  before  the  Farliamentaij 
Committee,  when  he  was  asked  whether  the  Government  would  H 
less  or  more  likely  to  take  up  improvements  than  the  Companill 
would.  He  replied:  "  On  the  whole,  I  think  that  the  Qoveninwd 
would  be  more  likeiy  to  take  up  new   improvements.     In  ofl] 


ion, 
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respect  we  should  be  nearly  on  the  same  footing  as  the  telegraph 
companies  have  been  with  regard  to  improvements.  When  a  tele- 
graph company  has  had  a  large  amount  of  capital  locked  up  in 
any  particular  kind  of  iiifctnimeuts,  it  would  naturally  hesitate  to 
employ  another.  This  though  it  might  have  great  superiority  over 
the  existing  one, — and  the  Government  to  a  certain  extent  would 
have  the  same  disinclination," 

This  answer  expresses  the  truth  of  the  case.  Where  an  altera, 
tion  would  have  the  effect  ol  throwing  out  of  use  a  large  stock  of 
apparatus,  for  example,  in  which  a  very  large  capital  had  been 
embarked,  it  is  clear  that  such  alteration  must  be  of  very  decided 
advantage, — a  trifling  gain  over  esisting  means  would  not  be 
sufficient — to  justify  the  commercial  waste,  so  to  speak,  that  must 
arise  from  its  adoption.  But  if  there  was  a  great  advantage,  even 
this  loss  would  he  submitted  to,  rather  than  that  the  invention 
should  be  ignored.  No  doubt,  in  one  respect,  inventors  do  not  find 
the  market  quite  so  open  to  them  as  formerly,  "When  it  was  poa. 
Bible  forseveral  commercial  companies  to  struggle  against  each  other, 
it  was  always  possible  for  the  inventor  of  a  novelty  (although  such 
novelty  might  be  in  no  essential  particular  really  Buperior  to  what 
was  previously  existing)  to  get  the  assistance  of  a  promoter  to 
form  a  company  to  work  it.  Thus,  when  the  Electric  Telegraph 
Company  were  depending  chiefly  on  Cooke  and  Wheatstone's  needle 
instrumentj  one  of  their  first  rivals  "w^s  started  to  work  Henley's 
magnetic  needle  telegraph,  although  most  certainly,  so  far  as  the 
public  were  concerned,  the  working  of  this  apparatus  gave  them 
no  advantage,  whatever  the  creation  of  an  opponent  company 
might  do.  In  fact,  not  loDg  after,  the  company  owning  it  employed 
other  instromenta. 

In  this  respect,  no  doubt,  the  Monopoly  Act  has  closed  one 
field  of  speculation ;  hut  the  Post  Office  cannot  he  blamed  for  an 
unavoidable  effect,  and  perhaps  not  altogether  an  undesirable  one. 

But  wherever  good  has  been  found  it  has  been  availed  of.  The 
inventive  genius  of  our  transatlantic  cousins  has  had  a  fair  field 
of  action  in  our  borders,  and  its  worth  has  been  fully  and  practically 
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that  the  Post  Office  has  made  in  the  improvement  of  its  apparatus, 
— a  degree  of  improvement  really  far  more  valuable  than  the  intro- 
duction of  ordinary  inventions, — I  may  state  that,  when  Sir  Charles 
Wlieatstone  brought  bis  automatic  instrument  to  the  Electric 
Telegraph  Company  in  1866,  it  was  only  possible  to  work  it  at  the 
rate  of  about  55  to  60  words  a  minute  if  a  wire  of  No,  8  gauge 
was  employed,  increasing  to  80  words  a  minute  if  a  wire  of  No, 
4  gauge  was  used  :  this  over  a  circuit  about  280  miles  in  length. 

In  1879  it  was  possible  to  wort  for  distances  of  300  miles 
with  No.  8  gauge  wire  at  over  200  words  a  minute,  and  regularly 
and  in  all  weathers  at  130  words. 

Thus  ibe  Wbeatatone  of  1879  was  really  more  than  twice  aa 
efficient  as  the  Wheatstone  of  1869,  and  this  improvement  has 
been  brought  about  almost  wholly  by  the  officers  of  the  Depart- 
ment and  of  the  former  Telegraph  Company,  and  by  the  skill  of 
the  mechanics  acting  with  them. 

In  1869,  to  insert  a  relay  upon  a  wire  was  to  deliver  stroDger 
signals  at  the  far  end  when  the  lines  were  in  bad  order,  and 
thus  to  make  working  for  long  distances  possible  when  othenriss 
it  would  have  been  impossible;  but  from  mechanical  defects  tlie 
insertion  of  relays  inviiriably  retarded  speed  in  good  weather. 

In  1879  relays  inserted  on  a  long-distance  wire  increased  its 
speed  positively  in  the  finest  weather,  because,  of  course,  thay 
practically  shorten  the  circuit,  while  the  improvement  of  tie 
mechanism  is  such  that  in  themselves  their  mechanical  operation 
ia  productive  of  no  retardation  whatever.  Thus,  wires  betveen 
London  and  Dublin  are  now  habitually  worked  with  relays  in- 
serted at  a  place  near  Bangor,  at  a  speed  reaching  130  words  a 
minute,  although  a  cable  fully  70  miles  in  length  forms  a  portion 
of  the  circuit. 

Continuing  the  details  of  the  available  means  of  communication, 
I  may  mention  that  in  1869  the  length  of  internal  submarine 
cables,  i.e.,  of  those  connecting  England  and  Ireland  and  the 
various  outlying  islands,  wholly  independent  of  those  uniting  this 
country  to  the  Continent,  was  about  121  knota,  the  total  being 
made  up  of  18  separate  cables. 
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>rporated — the  iilectric  Telegraph  CompaDy.  The  object  of 
it  company  was  with  larger  capital  to  continue  the  operations 
ITS.  Wheatstone  and  Cooke  had  undertaken,  i.e.,  to  build 
^graphs  for  railway  purposes,  being  repaid  the  capital  outlay 
a  rental  chaise  or  as  might  be  arranged,  and  in  either  case 
lertaking  to  maintain  and  keep  in  order  the  telegraphs  they 
it  up.  For  this  last  service  they  received  payment.  An 
rtement,  however,  was  made  in  their  charges  in  consideratioa 
the  concession  to  them  of  certain  rights.  They  obtained  the 
r,  for  example,  of  putting  up  wires  for  themselves  upon  the 
poles  that  supported  those  erected  for  the  railway  company; 
they  bad  the  right  of  taking  the  receipts  for  messages 
the  public  that  might  be  earned  by  the  secondary  use  of  the 
Lway  wires  as  a  further  perquisite.  In  fact,  in  those  days, 
)ugh  the  relative  growth  of  commercial  telegraphy  was  con. 
,  seeing  its  recent  commencement,  still  its  absolute 
as  so  far  insignificant  that  the  railway  companies 
it  as  a  thing  of  little  importance. 
The  Telegraph  Company  was  also  allowed  to  erect  separate 
of  poles  and  wires  for  itself  on  railways,  and  to  avail  itself 
le  services  of  the  clerks  of  the  latter  in  their  spare  time. 
When  the  telegraphs  were  transferred  to  the  State,  one 
^)f  the  earliest  duties  devolving  upon  the  Post  OflBce  was  to 
disentangle  itself  from  numerous  agreements  of  the  cliaracter 
indicated ;  and,  unfortunately,  this  involved  liberal  compensation 
to  the  railway  companies  for  all  that  they  had  lost,  without  any 
correepoDding  allowance  for  what  the  Department,  succeeding  to 
the  telecraph  companies:,  bad  surrendered. 

As  time  went  on,  it  was  found  that  telegraph  companies  might 
SDbast  without  the  aid  of  railways.  The  public  had  become 
&wake  to  the  utility  of  their  comM|^^operatioDB,  and  the 
litude  of  the  lMll|f|mi^^^^^B|^«i^<^ble  to  render 
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to  the  aeason,  are  despatched  as  epecial  reports  for  various  Loadon 
and  Provincial  newspapers,  irom  their  own  correspondents,  being 
wholly  additional  to  the  general  news  supply. 

There  are  certain  newspapers  to  whose  use  special  wires  are 
devoted,  i.e.,  instead  of  receiving  intelligence  transmitted  over  tie 
ordinary  wires  in  the  ordinary  way,  tliey  have  arranged  to  have 
certain  wires  given  up  for  their  sole  use  from  6.0  p.m.  to  6.0  a.ra., 
or  other  hour,  and  send  over  them  whatever  matter  they  lite 
without  its  being  counted  as  business  done  by  the  Post  Office, 
clerks  being  lent  to  them  for  the  purpose. 

The  Electric  Telegraph  Company,  prior  to  the  transfer,  laii 
inaugurated  this  system. 

In  1869  there  were  a  total  of  6  special  renters,  each  paying 
from  £750  to  £1,000  per  annum  for  the  wire  appropriated  to  them. 
In  1879  there  were  24  such  renters,  each  paying  £500. 

In  the  figures  previously  stated  with  regard  to  the  mileage  of 
wire  and  number  of  instruments  employed  for  commercial  purpoea 
in  the  two  contrasted  periods,  I  have  excluded  from  notice  thoee 
referring  to  private  wires,  except  such  as  were  constructed  by  the 
Electric  Telegraph  Company  and  the  Magnetic  Telegraph  Com- 
pany. They  were  of  no  great  extent,  but  to  whatever  extent  it 
was,  I  am  unable  to  disentangle  the  "private"  wires  from 
"public"  wires.  This  causes  a  slight  error,  inasmuch  as 
following  figures  with  reference  to  the  private  wire  system  coni 
for  1869  some  portion  of  the  same  mileage  as  has  been  already 
calculated  for  the  commercial  telegraphs  of  the  same  year. 

On  the  whole,  the  private  telegraphs  (chiefly  belonging  to  the 
Universal  Private  Company,  but  in  a  smaller  degree  to  other 
companies)  amounted  to  2,525  miles  of  wire,  worked  by  1,466 
instruments,  in  1869. 

On  the  31st  December,  1879,  the  Post  Office  maintained  for 
the  use  of  private  persons  6,550  miles  of  wire  and  3,824  instru- 
ments, or,  including  wires  used  by  railway  companies  in  Ireland 
for  their  own  purposes,  and  by  certain  canal  companies,  main- 
tained also  by  the  Post  Office  staff,  the  total  was  9,269  miles  of 
wires  aad  4,607  instruments. 

It  should  be  remembered   that  the  Post  Office  possesses  no 
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lopoly  of  private  wires,  and  that,  in  calculating  the  wLole 
existing  telegraphs  of  the  country,  a  large  addition  niuat  be  made 
to  the  figures  before  stated  to  represent  the  wires  and  instruments 
fixed  in  various  localities  by  private  contractors,  not  foi^etting  the 
recent  active  operations  of  the  various  telephone  conipaniea. 

A  fair  comparison  between  the  earnings  of  the  English  tele- 
graphs in  the  two  periods  under  review  is  difficult  to  make- 
In  1869  the  Electric  Telegraph  Company,  for  example, 
reckoned  among  its  earnings  business  now  considered  as  belonging 
to  the  Submarine  Company,  i.e.,  earned  by  means  of  cables  con- 
necting England  with  the  Continent. 

The  position  of  all  the  land  telegraph  companies  towards  the 
respective  cable  companies  with  which  they  were  connected 
differed  to  a  more  or  less  degree  from  that  of  the  Post  0£Gce  and 
the  cable  companies  at  the  present  time. 

The  receipts  from  telegraphs  earned  by  the  various  railway     , 
companies  in  1869  are  in  some  instances  inextricably  mingled  in 
their  accounts — they  cannot  be  accurately  stated. 

The  great  alteration  in  rates  (especially  in  favour  of  the  Press) 
that  has  taken  place,  and  the  fact  that  many  of  the  extensions 
during  the  last  ten  years  were  certainly  not  undertaken  on  com- 
mercial principles,  destroy  all  identity  between  the  two  periods  in 
this  respect.  Hence  we  have  figures  which  are  hardly  to  be  com- 
pared. So  far  as  it  can  be  ascertained,  the  gross  earninirs  of  all 
English  telegraphs  in  1869  may  be  stated  with  certainty  as  not 
more  than  £700,000. 

In  1879  the  earnings  of  the  Post  Office  Telegraphs  were  on  the 
whole  £l,436,000^a  sum  more  than  double  the  amount  of  the 
largest  earnings  of  the  telegraph  companies.  Moreover,  ten 
years  after  the  transfer  of  the  lines  to  the  State  had  been  effected, 
the  balance-sheet  of  the  Department  shows  that  the  telegraphs 
have  become  practically  remunerative,  i.e.,  that  for  the  financial 
year  ending  31st  March,  1880,  there  is  for  the  first  time  almost 
an  equilibrium  between  receipts  and  expenditure,  including  in 
expenditure  the  full  interest  on  the  capital  borrowed  for  the  pur- 
pose of  purchasing  and  extending  the  telegraph  undertakings,  and 
the  total  capital  cost  of  all  extensions  during  the  yeai  iot  Va^do. 
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the  receipts  are  stated ;  from  which  latter  are  excluded  the  value 
of  services  performed  for  other  Government  Departments,  and 
value  of  materials,  &c.,  sold,  amounting  on  the  whole  to  £36,000. 
To  be  exact,  in  the  year  1S78-79  the  sum  required  from  the 
national  coffers  to  make  up  tbe  actual  interest  on  capital  was  over 
£114,000;  for  the  year  1879-80  the  precise  calculations  are  not 
made;  hut  although  the  amount  of  capital  on  which  interest  hss 
to  be  paid  is  iocreased  by  a  sum  absorbing  over  £4,000  per 
annum,  the  deficiency  will  pretty  certainly  be  not  above  £30,000. 
It  IB  probable  that,  if  the  accomits  were  compiled  on  the  system 
that  would  be  adopted  by  a  commercial  company,  this  deficiency 
would  be  converted  into  a  surplus  of  a  nearly  equivalent  sum. 

Before  quitting  this  branch  of  my  subject,  it  may  be  of  interest 
to  observe  that  in  1869  the  working  of  the  various  telegraph 
undertakings,  other  than  those  of  railway  companies,  employed  a 
total  force  of  2,514  clerks,  (479  of  whom  were  females),  and  1,471 


In  1879  the  clerks  numbered  6,611,  (of  whom  1,556  were 
females),  and  4,648  messengers. 

It  should  be  observed  that  only  professional  clerks,  so  to  speak, 
whose  whole  time  is  or  was  devoted  to  telegraphic  work,  are 
enumerated  in  these  comparisons.  Railway  booking  clerks,  on  the 
other  hand,  and  assistants  to  postmasters,  a  very  numerous  body, 
who  are  not  solely  occupied  by  their  telegraphic  duties,  are  not 
reckoned. 

Comparisons  are  often  made  between  the  development  of  the 
postal  service  and  that  of  the  telegraphic  service.  In  such  com- 
parisons there  are  various  elements  of  vital  difference  that  are  often 
wholly  overlooked,  but  yet  the  absolute  results  may  be  fairly 
stated.  For  the  financial  year  ending  31st  March,  1873,  the  num- 
ber of  telegrams  forwarded  throughout  the  United  Kingdom  was 
15,535,000;  it  was  for  the  year  ending  31st  March,  1880,  over 
26,500,000,  being  an  addition  of  nearly  three-fourths  in  seven  years. 

The  first  year  taken  for  this  comparison  is  the  one  I  have  named 
(1873),  because  otherwise  due  allowance  would  not  be  made  for 
the  immediate  expansion  of  business  which  arose  after  January, 
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1870,  in  consequence  of  the  large  increase  in  the  number  of  offices, 
and  of  the  operation  of  the  uniform  shilling  rate« 

By  March,  1873,  the  public  had  become  accustomed  to  the  new 
state  of  things.  No  radical  change  in  the  commercial  conditions  of 
telegraphy  has  since  taken  place,  although,  of  course,  continual 
provision  of  increased  accommodation  and  the  like  has  been  going 
on  to  meet  increased  work. 

For  the  year  ending  March  31st,  1878,  the  number  of  letters 
and  post-cards  was  976,000,000 ;  and  for  the  year  ending  March 
3l8t,  1880,  about  1,242,000,000.  Thus,  while  in  the  period  the 
use  of  the  telegraph  has  increased  by  three-fourths,  that  of  the 
post  has  not  increased  by  one-third.  This  result  is  in  one  sense  a 
matter  of  course.  The  older  and  full-grown  service  could  not 
develop  at  the  same  ratio  as  the  younger  one,  but  the  fact  at  least 
proves  that  the  constitution  of  the  latter  is  sound,  and  gives 
promise  of  continued  vitality. 

Still  there  is  always  this  broad  distinction  to  be  kept  in  view : 
the  post  is  an  agency  employed  at  some  time  or  other  by  every 
inhabitant  of  the  empire  who  is  able  to  read  and  write,  and  indeed 
by  many  whose  letters  have  to  be  written  for  them,  and  the  result 
is  that  the  number  of  letters  and  post-cards  approaches  very  closely 
to  37  per  head  of  the  entire  population  of  our  islands ;  whereas, 
on  the  contrary,  speaking  roughly,  it  requires  five  inhabitants  of 
the  United  ^Kingdom  to  send  four  telegrams ;  and  although  no 
doubt  there  is  scope  for  further  abundant  increase,  still  it  is  pretty 
evident  that  under  no  conceivable  conditions  of  tariff  can  the  em- 
ployment of  the  telegraph  ever  rival  in  extent  that  of  the  post. 
Nevertheless,  it  is  satisfactory  to  find  that,  as  things  stand,  the 
use  of  the  telegraph  is  greater  in  England  than  in  any  European 
country  of  magnitude — that  in  this,  as  in  other  business  matters, 
we  keep  well  in  advance  of  our  neighbours. 

Next  to  England,  in  order  of  telegraphic  importance  among  the^ 
countries  of  Europe,  come  France  and  Germany. 

There  has  not  yet  been  time  to  obtain  the  foreign  statistics, 
for  the  year  1879,  and  therefore  I  will  use  those  of  1878,  contrast- 
ing them,  of  course,  with  the  English  figures  for  the  same  year. 

In  that  year  the  population  of  Qreat  Britain  and  Ireland  was. 
VOL.  IX.  U 
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reckoned  at  33,799,000,  and  ibis  population  exchanged  a  total  of 
24,600,000  messages. 

In  France  the  population  of  36^900,000  (an  excess  of  more 
than  3,000,000  oyer  that  of  Qreat  Britain)  employed  the  telegrajdi 
to  the  number  of  14,400,000  messages,  or  upwards  of  10,000,000 
less  than  the  number  passed  over  the  wires  of  this  country. 

Germany  contrasts  even  more  unfavourably. 

With  a  population  of  42,700,000,  the  number  of  telegraphic 
despatches  was  barely  100,000  more  than  those  of  France,  or 
14,540,000. 

The  only  cases  in  which  the  proportionate  number  of  messages 
is  at  all  larger  than  in  Great  Britain  are  those  of  Belgium  and 
Switzerland. 

In  neither  of  these  States  does  the  total  number  of  messages 
amount  to  1  per  head  of  the  population,  and  in  Belgium  the 
number  forwarded  is  even  closer  to  the  British  ratio  as  compared 
with  population.  But  both  these  countries  derive  an  exceptional 
advantage  from  the  number  of  foreign  telegrams  passing  through 
them,  and  not,  as  it  were,  resting  within  their  borders.  English 
messages  are  not  swollen  to  any  appreciable  extent  from  this 
cause.  Switzerland,  moreover,  has  its  native  business  largely 
increased  by  the  host  of  locomotive  and  telegraphing  foreigners 
annually  attracted  to  the  playground  of  Europe.  Hence  I  think 
it  may  be  fairly  said  that  England  is  decidedly  ahead  of  Con- 
tioental  Europe  in  the  matter  of  telegraphic  employment. 

Thus  far  has  commercial  telegraphy  advanced  in  this  country 
since  it  has  been  aflBliated  to  the  Post  Office. 

During  the  present  year  arrangements  have  been  made  for  the 

erection  of  over  5,000  miles  of  new  wire,  intended  to  meet  the 

demands  upon  the  system  made  by  the  prospect  of  reviving  trade. 

•  The  cost  will  not  reckoned  as  capital,  but  will  be  all  charged  to 

the  revenue  of  the  Department. 

For  two  or  three  years  past,  owing  to  the  commercial  stagna- 
tion that  has  prevailed,  the  rate  at  which  the  use  of  the  telegraph 
has  progressed  has  been  but  slight.  Indeed,  for  the  first  six 
months  of  the  last  financial  year,  the  business  was  absolutely 
stationary.     Since  that  date  the  increase  of  business  has  been  at  a 
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ing  ratio  of  from  10  per  cent,  to  22  pur  cent,  per  week.     It  ia 
i  be   hoped  that  prosperity  will   continue,  that   the  growth  of 
Uegraphic  traffic  will  continue,  and  that  the  administration  of  the 
Kegraph  will  be  able  to  cope  satisfactorily  and  creditably  with 
s  business  entrusted  to  it. 
I  am  an  officer  of  the  Post  Office  Telegraphs.     It  is  not  my 
I,  at  any  rate  in  public,  to  speculate  upon  the  future  of 
i  service.    It  must  he  recollected  that  those  who  are  responsible 
r  the  conduct  of  the  telegraphic  administration  have  had  in  the 
t  one  prime  duty  to  perform — one  chief  object  was  authorita- 
rrely  pressed  upon  them — to  make  it  pay.      To  do  the  work 
fficiently,  but  to  risk  no  revenue.      To  make  an  agent  advan- 
I  tageous,  and  very  advantageous,  to  a  section  of  the  population — 
^^O  longer  a  burden  upon  the  whole.     That  result  may  be  con- 
lered  as  achieved,  or  very  nearly  so.     Until  it  was  achieved, 
!  time  for  experiments  in  any  dLirection  that  could  jeopardise 
I  revenue  had  not  arrived.      It  is  for  those   who  direct  the 
financial  policy  of  the  nation  to  indicate  the   future  course  fo 
t  pursued.     The  permanent  servants  of  the  State  and  of  the 
pablic  have  but  to  conduct  the  affairs  of  the  Department  en- 
trusted to  them  in  such  wise  as  shall  best  carry  out  the  views  of 
those  whose  instructions  must  guide  them,  and  to  contribute,  as 
I  far  as  in  them  lies,  to  whatever   will   tend  most  to  the  public 
'   advantage. 


BAILWAT  TELBGEAPHT. 
I   now  enter  upon  the   second   branch  of  my  subject,   and 
unately  I  can  deal  with  it  somewhat  briefly.     It  does  not 
iiiy  into  so  many  branches  as  does  commercial  telegraphy ;  and 
e  great  progress  it  has  made  is  more  strikingly  expressed  by  the 
^tistical  table  that  will  be  found  printed  at  the  end  of  this  paper, 
1  by  anything  that  can  be  described  in  mere  words. 
'  In  1869  the  "  block  "  system,  although  it  was  a  thriving  child, 
I  comparatively  in  its  infancy,  and  the  adoption  of  telegraphy 
fcany  large  extent,  as  a  means  of  indicating  the  correct  operation 
fw  otherwise  of  distant  fixed  signals,  was  confined  to  a  very  few 
companies. 
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As  is  well  known,  the  block  STstem  resulted  from  the  experience 
gradually  obtained  by  railway  companies  as  to  the  impossibility 
of  avoiding  collisions  so  long  as  they  relied  upon  an  interval  of 
time  only  to  separate  their  trains.  It  was  found  that  an  interval 
of  distance  must  be  provided ;  and  it  is  to  the  electric  telegraph 
that  the  possibility  of  doing  this  is  due. 

On  any  length  of  railway  it  is  only  necessary  to  divide  the 
line  into  short  sections,  and  to  control  each  of  them  by  an  electric 
telegraph,  on  the  simple  principle  that  a  train  should  not  be 
allowed  to  enter  on  any  one  of  the  sections  until  the  train 
preceding  it  had  been  signalled  from  the  further  end  thereof  as 
having  completed  its  run  to  that  point. 

After  the  soundness  of  the  principle  had  been  proved  by  the 
test  of  actual  use,  it  was  gradually  adopted  on  some  of  the  most 
important  lines;  and  I  find,  for  example,  that  the  London  and 
North  Western  Railway  Company  had,  in  1869,  511  block 
instruments  ({.6.,  instruments  a  combination  of  signal-needle  and 
bell)  used  for  thus  dividing  the  railway. 

But  in  1879  it  will  be  seen  that  the  number  of  instruments 
of  similar  character  had  grown  to  upwards  of  3,000.  To  a 
considerable  degree  this  great  increase  (sixfold)  arose  from  the 
extension  of  the  block  system  to  new  branches  or  lines  of  railway, 
but  it  was  also  to  a  great  extent  due  to  the  subdivision  of  the 
sections  originally  arranged ;  as,  for  example,  would  be  the  case 
when  a  line  originally  divided  into  lengths  averaging  two  miles 
each  was  divided  into  lengths  of  one  mile. 

Signal  repeaters  also  show  a  very  marked  increase  on  almost 
all  railways.  Their  use  is  to  notify  to  the  man  putting  on  a 
distant  signal  that  the  semaphore  arm  really  points  in  the  manner 
intended  by  him ;  or  that,  when  signal  lamps  have  been  lighted 
some  distance  away  from  the  station,  they  are  burning  properly, 
and  indicating  that  which  they  are  intended  to  do.  Should  the 
semaphore  arm  move  from  the  position  in  which  it  has  been  placed 
by  the  levers,  an  indicator  in  the  signalman's  box  whence  the 
levers  are  worked  will  immediately  point  and  show  that  some- 
thing has  happened,  or  a  bell  will  ring.  In  the  same  way,  another 
indicator  arranged  in  an  electric  circuit,  to  show  when  a  lamp  is 
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burning  steadily,  will  shift  its  position  and  alter  its  direction  if  the 
lamp  goes  out. 

There  are  infinite  varieties  both  of  the  block  and  repeater 
telegraphs,  but  the  object  and  main  principle  of  all  is  the  same. 

The  utility  of  these  arrangements,  as  securing  the  continuity  of 
perfect  signals,  is  self-evident,  as  in  many  instances  both  sema- 
phores  and  signal  lamps  are  only  imperfectly,  if  at  all,  visible 
from  the  stations  or  junctions  they  are  intended  to  protect. 

It  will  be  seen  that  almost  all  important  railways  have  very 
much  enlarged  their  employment  of  this  useful  branch  of  electric 
agency.  The  North  Western  Company,  for  example,  have  in- 
creased its  employment  from  10  to  1,715  signal  indicators,  and  the 
Great  Western  from  410  to  1,865  during  the  ten  years. 

I  have  to  express  my  thanks  to  the  managers,  engineers, 
telegraph  superintendents,  and  other  officers  of  the  various  railway 
companies  to  whom  I  am  indebted  for  the  table  of  statistics  relative 
to  railway  telegraphs  that  I  have  been  enabled  to  compile.  I  am 
not  sure  that  the  figures  have  been  returned  to  me  in  every 
instance  upon  the  same  principle,  and  there  may,  for  example,  be 
an  occasional  confusion  as  to  the  functions  of  a  signal  bell :  some- 
times it  may  have  been  reckoned  as  part  of  a  block  apparatus,  to 
which  it  is  really  an  auxiliary ;  at  other  times  it  may  have  been 
r^arded  as  a  distinct  signal  instrument,  which  sometimes  it  really 
is,  being  employed  without  a  block  instrument.  But  subject  to 
points  of  this  nature,  I  have  little  doubt  that  the  figures  can  be 
relied  on,  and  that  they  form  a  comprehensive  statement  of  the 
facts  of  railway  telegraphy  for  the  year  1879. 

It  will  be  seen  that  I  have  totalled  the  figures  for  1879,  because 
I  have  them  from  every  railway ;  but  those  for  1869  are  in  some 
instances  irrecoverable,  and  in  other  instances  imperfect,  owing  to 
various  causes.  Thus  there  is  no  total  to  this  side  of  the  statement ; 
hut  ample  materials  for  comparison  exist  between  the  separate 
items. 

It  would  be  tedious  to  dissect  the  table,  which  every  reader 
can  do  at  his  own  leisure,  but  it  is  noteworthy  that  the  largest 
relative  increase  in  the  employment  of  the  telegraph  is  on  the 
Festiniog  Railway,  where  in  1869  half-a-mile  of  poles,  carrying 
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half-a-mile  of  wire  with  a  block  instriiment  at  each  end,  existed,  and 
where  now  there  are  13  miles  of  poles,  a  twenty- sixfold  increase, 
with  29  miles  of  wire,  a  fifty. eightfold  increase. 

The  largest  absolute  increases  are  on  the  LondoD  and  North 
Western,  where  1,080  miles  of  poles  have  been  increased  to  1,840, 
an  addition  of  756  mUes,  and  the  mileage  of  wire  has  increased 
fiom  3,513  to  7,684,  an  addition  of  4,173;  and  on  the  Midland, 
where  the  mileage  of  poles  (including  the  Hereford,  Hay,  and 
Brecon)  has  increased  from  783  to  1,244,  being  an  addition  of  457 
railea,  and  that  of  wire  from  3,248  miles  to  8,082  miles,  an  increase 
of  4,834  miles. 

On  the  whole,  there  were  62,100  miles  of  wire  devoted  to 
railway  use,  with  13,128  speaking  instruments,  and  33,719  block 
and  other  distinct  signals  of  all  kinds,  on  the  Slat  December,  1879. 

To  this  extent  is  the  telegraph  an  auxiliary  to  railway  service. 

Viewing  the  progress  made  in  the  development  of  English 
telegraphy  as  a  whole  during  the  past  ten  years,  we  who  have 
taken  part  therein,  however  humble,  may  well  be  proud  of  it.  lu 
every  field  and  every  branch  a  great  onward  stride  has  been  made. 
liet  us  trust  that  the  next  ten  years  will  show  as  Batisfactorj 
a  record.  Our  motto  must  ever  be  "  Onward."  The  attainment* 
of  the  past  are  but  an  earnest  of  what  the  future  should  and  will 
achieve. 
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The  PkesidenT:  I  do  not  know  whether  this  paper  can  be 
considered  as  one  which  should  call  forth  a  discussion,  but  I  am 
quite  sure  that  Mr.  Graves  is  ready  to  answer  any  questions  that 
may  be  asked,  and  we  shall  be  very  happy  to  hear  the  observations 
of  any  member. 

Sir  Charles  BeiGHT  -.  I  have  no  criticism  to  make  on  the 
paper,  which  is  a  record  of  facts  that  will  commend  itself  to  all 
interested  in  the  progress  of  telegraphy.  It  is  a  very  creditable 
bill  of  fare,  and  the  details  for  tlie  year.s  subsequent  to  the  taking 
over  of  the  telegraphs  by  the  State  could  not  be  reliably  supplied 
by  any  but  a  principal  officer  of  the  Postal  Telegraphs. 

Many  difficulties  had  to  be  encountered  by  the  Government  in 
taking  over  the  telegraphs  in  1S70.  There  were  several  distinct 
systems,  with  their  respective  organisations,  to  be  merged  into  one 
machine.  I  can  speak  of  these  difficulties  of  my  own  knowledge, 
and  know  I  shall  be  supported  by  Mr.  Latimer  Clark,  who  was 
the  engineer  of  the  Electric  Telegraph  Company,  while  I  was  in  a 
similar  position  as  regarded  the  smaller  but  not  inconsiderable 
concern  belonging  to  the  Magnetic  Telegraph  Company,  Besides 
8ta£f  difficulties  there  was  also  that  of  dealing  with  two  codes  or 
alphabets,  one  of  which  bad  to  be  abolished,  aad  the  staff  generally 
trained  to  the  other,  and  all  these  qiiestions  were  dealt  with,  we 
know  how  ably,  by  tbe  officers  of  the  Post  Office,  most  of  whom 
had  long  experience  in  the  employ  of  the  old  Companies.  I  know 
that  you  are  all  familiar  with  this,  but  I  take  the  present  oppor- 
tunity as  a  fitting  time  to  say  that  as  an  old  telegraph  man,  not 
only  in  this  country  but  in  many  parts  of  the  world,  I  consider 
that  the  Post  Office  have  carried  out  the  work  they  undertook  in 
an  admirable  manner,  and  as  regards  tbe  performance  of  internal 
telegraph  work  have  carried  it  to  greater  perfection  than  it  has 
reached  in  any  Continental  countries  or  even  America. 

Mr.  Graves,  however,  will  allow  me  to  correct  him  in  his 
statement  that  there  were  no  sound  instruments  in  this  country  in 
1869.  Nearly  the  whole  of  tbe  Magnetic  Company's  system  was 
worked  by  sound  instruments,  conaprised  in  my  own  patents  of 
1862  and  1855,  and  the  service  was  carried  out  with  great  speed 
and  accuracy.     I  wish  that  Mr.  Graves  had  extended  Via  ■^■a.^t  «i 


in 


DISCUSSION  ON  ME.  OTiAVES'  PAPER.  [Maj  2Gt 


as  to  give  us  details  as  to  foreign  messages,  and  I  should  be  muc^ 
interested  to  have  Lis  opinion  of  tLe  probable  result  of 
adoption  of  ihe  word  rate  to  the  Continent,  which  was  introducec 
on  the  1st  of  April  last. 

I  beg,  in  conclusion,  to  propose  a  hearty  vote  of  thanke  t 
Mr.  Graves,  for  the  very  excellent  paper  and  details  he  hw 
given  us. 

Lieut.-Col.  Webbbe,  R.E.,  was  glad  that  such  a  valuable  f 
as  Mr,  Graves'  had  been  brought  before  the  Society.  He  1 
observed  that  during  the  Paris  exhibition  of  1878  (at  which  1 
was  a  juror)  statistical  tables  had  been  shown  by  the  varionj 
countries  represented  ^hich  gave  much  interesting  infer iiiatioo 
to  visitors  in  regard  to  telegraphs.  Mr.  Graves'  paper  was  the  firrt 
compilation  he  had  seen  of  general  statistics  of  the  progress  a 
telegraphs  in  England.  He  could  appreciate  the  value  of  tl 
which  such  statistics  represented  rather  more,  perhaps,  than  t 
looking  at  them  from  an  ordinary  telegraphist  point  of  view.  1 
connection  with  the  Post  Office  had  ceased  for  something  life 
twelve  months,  and  such  an  interval  having  elapsed  he  was  placet 
more  in  the  position  of  an  unprejudiced  observer  of  the  great  woil 
carried  out  during  the  nine  previous  years,  which  he  bad  alwayi 
looked  upon  as  some  of  the  most  interesting  years  of  his  life. 

Those  nine  years,  too,  were  of  especial  interest  to  the  membeis 
of  the  Society,  because  it  was  the  activity  in  the  telegraph  worl( 
of  England,  caused  by  the  extensive  operations  of  the  Post  0£Bo6) 
that  had  tended  much  to  the  development  of  the  Society.  Thft 
principal  and  many  of  the  subordinate  officers  of  the  governmeiit 
telegraphs  were  members  of  the  Society,  which  was  no  small  iao* 
for  congratulation.  The  very  fact  that  the  personnel  of  the  old 
Telegraph  Companies  had  been  blended  with  a  civil  department  ol 
the  State  was  no  mean  achievement,  and  it  wsb  pleasant  to  refleei 
that  the  hearty  energy,  hard  work,  and  good  will  of  every  one 
concerned  had  brought  about  suoh  grand  results.  These  remarke, 
if  inserted  in  the  Society's  journal  might  be  considered  as  mere 
compliments,  but  the  fact  was,  that  he  could  not  allow  such  an 
Importunity  to  pass  without  bearing  witness  from  another  point  of 
view  to  the  great   results  brought  out  by  the  paper.     The  con- 
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eluding  words  of  the  paper  were  "  progress,"  "  onward,"  and  he 
iK^ed,  in  his  present  position  as  an  ordinary  member  of  the 
British  pubhc,  that  the  onward  march  of  progress  of  that  valuable 
public  department  would  result,  at  any  rate,  in  the  next  "  decade," 
in  sixpenny  telegrams  of  one  sort  or  another.  Such  a  rate, 
whether  for  a  large  or  small  number  of  words,  would  place  the 
telegraph  at  the  disposal  of  a  much  larger  section  of  the  public 
Uian  that  which  now  enjoys  its  advantages. 

Mr,  C.  E.  Spaghoketti  seconded  the  vote  of  thanks,  and 
remarked  that  to  compile  a  paper  of  this  description  was  a  very 
great  task,  and  tax  on  a  busy  man's  time,  but  that  the  result  was 
only  another  evidence  of  the  competency  of  Mr,  Graves  to  deal 
with  such  statistical  subjects ;  experience  of  which  had  no  doubt 
been  felt  by  most  railway  companies  who  had  arbitrated  for 
cranpensation  with  the  Post  Office,  and  which  had  produced 
advantageous  results  to  that  Department. 

Mr.  EoBEET  Gray  replied  to  Sir  Charles  Bright,  as  to  the 
result  of  the  adoption  of  the  single  word  tariff,  ihat  in  the  case  of 
tlte  duplicate  cable  recently  laid  between  Marseilles  and  Algiers, 
the  Minister  of  Telegraphs  in  France  reduced  the  rate  from  2d.  to 
Id.  per  word,  with  the  immediate  result  that,  where  800  messages 
a-day  had  been  previously  passed  over  the  original  line,  about 
1,200  was  the  present  daily  number.  Taking  13  words  each  as 
the  average  message,  a  very  good  return  was  shown  on  the  capital 
expended. 

The  President  put  the  vote  of  thanks,  which  was  unanimously 
carried, 

Mr.  E.  Graves  :  Before  tJjanking  you  for  the  vote  you  have 
been  good  enough  to  accord,  may  I  he  allowed  to  put  myself  right 
on  one  or  two  matters  of  fact  ?  Sir  Charles  Bright  called  my  atten- 
tion to  what  he  considered  an  error.  Perhaps  my  friend  will  foi^ive 
me  pointing  out  that  there  is  really  no  error.  My  object  has  been 
to  contrast  the  facts  of  1869  with  those  of  1879.  The  Bright'g 
Bell  instrument 

Sir  Charles  Bright  :  Acoustic  telegraph, 

Mr.  Graves  :  The  familiar  name  was  the  Bright's  Bell ;  and 
■J&at  instrument  was  used  in  1869,  and  ia  continue4  Xj>  an  ec^isi. 
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extent  in  use  in  1879.  Where  I  have  erred  is  in  speakiDg  of 
sounder  (which  is  the  terra  used  io  ordinary  parlance),  instead 
the  "Morse"  sounder.  The  novel  introduction  is  that  of 
sounder  instrument,  formerly  used  only  in  America,  which  is 
feet  a  Morse  instrument  without  the  recording  apparatus.  T 
was  mentioned  as  a  new  thing,  and  I  did  not  speak  of  the  old  foi 
of  instrument  that  continue  to  be  used. 

With  regard  to  submarine  and  foreign  telegraphs,  I  do  not  1 
to  make  promises.  I  have  found  that  very  much  work  is  invoh 
in  the  compilation  of  statistics  such  as  have  been  now  supplied 
and  I  must  hesitate  before  making  a  definite  promise  to  extend  th 
compilation  so  as  to  cover  the  statistics  of  foreign  telegraphs  com 
pletely ;  although  I  trust  that  sometime  during  next  winter  I  ma; 
B  to  gather  together  facts,  not  only  with  reference  to  th 
extensions  and  traffic  of  the  c.ible  companies,  but  also  of  telegrajAi 
throughout  the  Continent,  America,  and  the  Colonies. 

As  to  anticipations  of  the  future  I  will  say  nothing  at  all. 
doubt  the  future  has  a  great  deal  to  bring  forth,  and  no  doubt 
Col.  Webber's  anticipations  will  be  justified  when  the  time  cornea 
but  as  I  cannot  tell  him  when  the  time  will  come,  and  as  I  cannoj 
tell  him  the  precise  modus  operandi  that  may  be  put  in  force 
bring  it  about,  I  will  say  nothing  at  all  about  it.     I  thank  you  i 
the  kindness  with  which  you  have  received  my  paper. 

The  PSESIDENT :  I  do  not  think  that  there  is  anybody 
competent  to  deal  with  this  subject  that  Mr.  Graves,  and  w 
all  pleased  to  bear  the  probability  of  a  supplementary  paper  being 
forthcoming  before  the  Society  after  the  recess.  I  am  much  in- 
terested in  the  preparation  of  papers  for  the  autumnal  session; 
and,  if  we  are  favoujed  with  such  a  paper  by  Mr.  Graves  as  he  hss 
sketched  forth,  I  am  sure  that  the  faets  of  external  telegraphy  will 
prove  quite  as  startling  as  those  of  internal  telegraphy  we  have 
just  heard.  In  fact,  as  I  have  once  before  mentioned  in  this  hall, 
the  mileage  of  cables  extending  over  the  globe  is  something  mar. 
vellous,  Mr.  Graves  has  brought  before  us  facts  that  show  that 
2,000  offices  in  1869  have  increased  to  5,400  offices  in  1879 ;  that 
6,000,000  messages  have  increased  to  27,000,000  messages ;  and 
,  *hat  the  income  from  telegraphs  in  1869  of  £700,000  has  increased 
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to  £1,400,000  in  1879.  But  perhaps  more  surprising  than  all  is 
the  prominent  fact  brought  out,  that  the  apparatus  used  by  the 
railway  companies  is  four  times  greater  in  number  than  that  used 
by  the  Post  0£Gce ;  for  while  of  speaking,  block,  and  repeating 
apparatus,  the  railway  companies  have  46,847,  the  Post  Office 
employs  only  12,000  instruments. 

Every  railway  has  its  own  distinct  organization  ;  and  there  are 
maDj  officers  in  connection  with  railways  who  might  bring  papers 
before  us,  describing  in  detail,  as  Mr.  Graves  has  done  to-iiight,  the 
oi^anization  and  statistics  in  connection  with  railway  telegraphs. 

Another  aspect  to  the  question  is,  that  while  we  look  eagerly 
into  the  future  for  further  statistics,  and  to  make  our  records 
accurate,  we  ought  to  have  something  more  of  the  past.  There 
are  several  members  present  who  have  been  intimately  connected 
iTith  the  growth  of  telegraphy  from  its  introduction  in  England 
Jto  the  present  time,  and  I  shall  certainly  before  the  autumnal 
session  call  upon  Sir  Charles  Bright  to  favour  us  with  some  records, 
which  I  know  he  must  possess  or  can  obtain,  which  will  make  the 
historical  description  of  the  growth  of  telegraphy  in  this  country 
more  complete,  and  then  I  think,  what  with  the  history  of  the 
past,  the  history  of  the  present,  and  favours  to  come  in  the  history 
of  external  telegraphy,  we  may  say  that,  at  any  rate,  during  the 
isent  year  the  Society  of  Telegraph  Engineers  have  placed  on 

Le  records  of  their  proceedings  the  most  valuable  and  useful  facts 
the  progress  of  telegraphy. 
I  am  now  glad  to  announce  that  the  several- times-promised 

iper  by  Dr,  Siemens  will  in  every  reasonable  certainty  be  brought 
forward  on  Thursday  evening,  June  3rd,  which  is  a  special  extra 
night  set  apart  for  the  purpose,  and  until  which  date  this  meeting 
will  now  be  adjourned. 


978  THE  DYNAJIO.ELECTHIC  CUKEENT  IN  ITS 

A  Special  General  Meeting  of  the  Society  was  held  on  Thui 
Evening,  June  3rd,  1880,  at  the.Institution  of  Civil  Eagineeii 
25,  Great  George  Street,  Westminster — Mr.  W.  H.  Peke^ 
President,  in  the  chair. 

After  the  UBual  formal  proceedings, 

The  PBE3IDEST  said  that  it  was  with  very  great  pleasure  that 
he  called  upon  Dr.  C.  W.  Siemens  to  give  his  paper,  for  which  the 
special  meeting  had  heen  called. 

Dr.C.  W.  SlEJiENB,  D.C.L.,  LL.D.,F.B.S. :  I  have  to  commence 
my  address  with  an  explanation  and  also  with  an  apology;  ao 
explanation  to  justify  myself  for  not  bringing  my  paper  before  this 
Society  when  promised.  The  reason  is,  that  I  have  lately  beec 
taken  ill,  and  unable  to  go  through  the  task  of  reading  the  paper 
or  describing  experiments  and  this  fact  leads  me  to  the  apology, 
which  is,  that  I  am  sorry  to  say  I  must  ask  ihe  Secretary  to  read 
the  paper  to  certain  points,  at  which  1  will  reserve  for  myself 
the  explanations  of  the  diagrams  and  apparatus  before  you. 

THE  DYNAMO-ELECTRIC  CURRENT  IN  ITS  APPLICA- 
TION  TO  METALLURGY,  TO  HORTICULTURE,  AND 

TO  LOCOMOTION. 

By  C.  WiLMAM  Siemens,  D.C.L.,  LL.D.,  F.R.S. 

In  the  inaugural  address  which  I  had  the  honour  to  deliver  to 
the  Society  of  Telegraph  Engineers  on  the  23rd  January,  1878, 1 
called  special  attention  to  the  applicability  of  the  dynamo-electric 
current  for  purposes  beyond  the  range  of  what  electricity  had 
theretofore  been  employed  in  effecting.  Among  these  purposes  I 
specially  referred  to  the  transmission  of  power,  and  to  the  accom- 
plishment of  large  chemical  resulbi,  such  as  the  decomposition  o£ 
metallic  salts,  &c. 

My  object  to-day  is  to  corroborate  my  statement  by  desciil 
some   further   experimental   results   obtained   by   means   of  the 
dynamo-electric  current,  which  I  hope  will  prove  to  be  of  interest. 
~       So  long  as  the  electric  current  was  produced  by  the  decompo- 
sition of  zinc  in  a  galvanic  battery,  it  was  too  expensive  a  form 
energy  to  do  our  behests  in  the  way  of  massive  effects.  >J  ' 
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toited  to  principally  when  energy,  in  the  form  of  heat  or  me-  . 
auical  power,  failed  to  accomplish  our  ends ;  and  the  rapid  rate 
which  electrical  energy  passes  through  a  metallic  conductor 
rendered  it  the  only  available  means  of  prcducing  instantaneous 
effects  at  great  distances.  The  dynamo. electric  current,  on  the 
other  hand,  provides  us  with  the  means  of  transforming  mechanical 
■energy  into  electric  energy  without  much  loss,  and  it  enahlea  lis 
farther  to  accumulate  electrical  impukee  in  such  a  manner  as  to 
produce  mechanical  effects  measurable  not  by  grains  or  ounces,  hut 
ffcy  pounds  and  tons  of  weight  lifted  through  a  considerable  height. 
It  is  not  ray  present  intention  to  enter  into  particulars  regard- 
■g  the  dynamo -electric  machine,  but  to  describe  three  somewhat  ■, 
^ovel  applications  of  it,  viz.,  as  a  means  of  effecting  the  fusion  oi  I 
ifractory  materials  in  considerable  quantities  in  an  electric 
irnaoe ;  in  its  effects  upon  horticulture,  as  a  promoter  of  the 
lemical  changes  by  which  the  plant  takes  its  chief  ingredients  of 
food  from  the  atmosphere ;  and  as  a  means  of  mechanical  pro. 
^Ision,  in  which  the  dynamo -electric  current  enters  the  list  as  a 
lival  of  steam,  to  work  either  stationary  machinery,  hoists,  or  lifts, 
>t  to  propel  trains  along  rail  or  tramways, 

or  THE  APPLICAJION  OP  TEE   DTNAMO-ELBCTEIC  CUEEEJJT  TO  THE 
FDSIOH   OF  EBPRACTORY  MATEKIAL3   IS  CONSIDEUABLE 
QUANTITIES. 
Amongst  the  means  at  our  disposal  for  effecting  the  fusion  of    '. 
^ghly  refractory  metals,   and   other  substances,  none  has  been 
^ore   fully   recognised   than   the   oxy -hydrogen   blast.     The   in-     \ 
jenious  modification  of  the  same  by  M.  H.  Ste.-Claire  Deville, 
Itnown  as  the  Deville  furnace,  has  been  developed  and  applied  for 
3ie  fuflioQ  of  platinum  in  consideiable  quantities  by  Mr.  George 
iMatthey,  F.R.3. 

'  The  Regenerative  Gas  Furnace  furnishes,  however,  another 
ineaDS  of  attaining  extremely  high  degrees  of  heat,  and  this 
Ibmace  is  now  largely  used  in  the  arts — among  other  purposes, 
br  the  production  of  mild  steel.  By  the  application  of  the  open  ' 
fcearth  process,  10  to  15  tons  of  malleable  iron,  containing  only 
traces  of  carbon  or  other  substances  alloyed  with  it,  may  be  seen. 
B;  ja  perfectly  fluid  ccndifcion  upon  the  open  ^eaith.  ol  ^ik6  Wii»R», 
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at  a  temperature  probably  not  inferior  to  the  melting  pomb.l 
platinum.  It  may  be  here  remarked  tbat  the  only  buildl 
material  capable  of  reaisting  such  heats  is  a  brick  composed  i 
98'5  per  cent,  of  silica,  and  only  r5  per  cent,  of  alumina,  i 
and  lime,  to  bind  the  silica  together. 

In  the  Deville  furnace,  an  extreme  degree  of  heat  is  atta 

by  the  union  of  pure  oxygen  with  a  rich  gaseous  fuel  under  t 

*  influence  of  a  blast,  whereas  in  the  Siemens  furnace  it  is  due  M 

alow   combustion  of  a  poor  gas,  potentiated,  so  to  speak,  by  j 

process  of  accumulation  through  heat  stores  or  regenerators. 

The  temperature  attainable  in  both  fumacea  is  limited  I 
the  point  of  complete  dissociation  of  carbonic  acid  and  aquecm 
vapour,  which,  according  to  Ste.-OIaire  Deville  and  Buusen,  i 
be  estimated  at  from  2,500"  to  2,800°  C.  But  long  before  1 
extreme  point  baa  been  reached,  combustion  becomes  so  sluggi 
that  the  losses  of  heat  by  radiation  balance  the  production  1 
combuBtion,  and  thus  prevent  further  increase  of  temperature. 

It  is  to  the  electric  arc,  therefore,  that  we  must  look  for  i 
attainment  of  a  temperature  exceeding  the  point  of  dissociation  q 
products  of  combustion,  and  indeed  evidence  is  not  wanting  t 
prove  the  early  application  of  the  electric  arc  to  produce  effects 
due  to  extreme  elevation  of  temperature.  As  early  as  the  year" 
1807,  Sir  Humphrey  Davy  succeeded  in  decomposing  potash  by 
means  of  an  electric  current  from  a  Wollaston  battery  of  400 
elements;  and  in  1810  the  same  philosopher  surprised  the 
members  of  the  Royal  Institution  by  the  brilliancy  of  the  electnM 
arc  produced  between  carbon  points  through  the  same  agency.       H 

Magneto-electric  and  dynamo-electric  currents  enable  us  vM 
produce  the  electric  arc  more  readily  and  economically  than  vWfl 
the  case  at  the  time  of  Sir  Humphrey  Davy,  and  this  compart^ 
tively  new  method  has  been  taken  advantage  of  by  Messnfl 
Hnggins,  Lockyer,  and  other  physicists,  to  advance  astronomieaW 
and  chemical  research  with  the  aid  of  spectrum  analysis.  Professed 
Dewar  quite  recently,  in  experimenting  with  the  dy nam o -electrij 
current,  has  shown  that  in  bis  lime  tube  or  crucible  several  of  th^B 
metals  assume  the  gaseous  condition,  as  demonstrated  by  the  rejfl 
versal  of  the  lines  in  his  specttum,  thus  proving  that  the  tempeza^ 
ture  attained  was  not  much  inferior  to  that  of  the  sun.  ^H 
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My  present  object  is  to  show  tbat  the  electrie  arc  is  not  only 
tapable  of  producing  a  very  high  temperature  within  a  focus  or 
(xtremely  contracted  space,  but  also  such  larger  effects,  with  com. 
iratively  moderate  expenditure  of  energy,  as  will  render  it  useful 
,  the  arts  for  fusing  platinum,  iridium,  sleel,  or  iron,  or  for 
rffecting  such  reactions  or  decompositions  as  require  for  their 
iccomplishment  an  iutense  degree  of  heat,  coupled  with  freedom 
rom  such  disturbing  influences  as  are  inseparable  from  a  furnace 
jrorked  by  the  combustion  of  carbonaceous  material. 

The  apparatus  which  I  employ  to  effect  the  electro-fusion  of 
pich  material  as  iron  or  platinum  is  represented  ia  the  acoom- 
inying  drawing,  fig.  1.  (This  diagram  was  explained  in  full 
Retail  to  the  meeting.)  It  consists  of  an  ordinary  crucible  of 
fclumbago  or  other  highly  refractory  material,  placed  in  a  raetallio 
wjket  or  outer  casing,  the  intervening  space  being  filled  up  with 
jounded  charcoal  or  other  bad  conductor  of  heat.  A  hole  is 
toierced  through  the  bottom  of  the  crucible  for  the  admission  of  a 
d  of  iron,  platinum,  or  dense  carbon,  such  as  is  used  in  electiio 
Muniination.  The  covet  of  the  cracible  is  also  pierced  for  the  ' 
caption  of  the  negative  electrode,  by  preference  a  cylinder  of 
jompressed  carbon  of  comparatively  large  dimensions.  At  one 
|md  of  a  beam  supported  at  its  centre  is  suspended  the  negative 
electrode  by  means  of  a  strip  of  copper,  or  other  good  conductor  of 
electricity,  the  other  end  of  the  beam  being  attached  to  a  hollow 
cylinder  of  soft  iron  free  to  move  vertically  within  a  solenoid  coil 
of  wire,  presenting  a  total  resistance  of  about  50  units  or  ohms. 
By  means  of  a  sliding  weight  the  preponderance  of  the  beam 
in  the  direction  of  the  solenoid  can  be  varied  so  as  to  balance 
the  magnetic  force  with  which  the  hollow  iron  cylinder  is  drawn 
into  the  coil.  One  end  of  the  solenoid  coil  is  comiected  with  the 
positive,  and  the  other  with  the  negative  pole  of  the  electric  arc, 
and,  being  a  coil  of  high  resistance,  its  attractive  force  on  the 
iron  cylinder  is  proportional  to  the  electro.motive  force  between 
the  two  electrodes,  or,  in  other  words,  to  the  electrical  resistance 
of  the  arc  itself. 

The  resistance  of  the  arc  was  determined  and  fixed  at  will 
within  the  limits  of  the  source  of  power,  by  sliding  the  weight 
upon  the  beam.     If  the  resJBtancc  of  the  arc  shoiiVdi  mcteaae  ^lo'o^ 
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any  cause,  the  current  passing  through  the  Bolenoid  would  gain  in 
strength,  and  the  magnetic  force  overcoming  the  counteracting 
■weight,  would  cause  the  negative  electrode  to  descend  deeper  into 
the  crucible  ;  whereas,  i£  the  resistance  of  the  arc  should  fall  helow 
the  desired  limit,  the  weight  would  drive  back  the  iron  eylmder 
within  the  coils,  and  the  length  of  the  arc  would  increase,  until 
the  balance  between  the  forces  engaged  had  been  re-established. 

Experiments  with  long  solenoid  coils  have  shown  that  the 
attractive  force  exerted  upon  the  iron  cylinder  is  subject  ooly  to 
alight  variation  within  a  range  of  several  inches,  that  is,  within 
the  limits  when  the  iron  cylinder  has  just  entered  the  coil,  and 
when  it  has  advanced  a  little  beyond  the  point  of  half  immersion, 
which  circumstance  allows  o£  a  range  of  several  inches  of  nearly 
uniform  action  on  the  electric  arc.  The  accompanying  diagram, 
fig.  2,  represents  the  attractive  force  of  a  solenoid  coil  of  this 
description  upon  its  iron  core,  the  abscissa  representing  the  depth 
of  immersion  of  the  uppermost  end  of  the  iron  in  the  coil  in 
centimetres,  and  the  ordinatea  the  attractive  force  in  grams. 

This  automatic  adjustment  of  the  arc  is  of  great  importance  to 
the  attainment  of  advantageous  results  in  the  process  of  electric 
fusion ;  ivithout  it  the  resistance  of  the  arc  would  rapidly  diminish 
with  increase  of  temperature  of  the  healed  atmosphere  within  the 
crucible,  and  heat  would  he  developed  in  the  dynarao.electric 
machine  to  the  prejudice  of  the  electric  furnace.  The  sudden 
sinking  or  change  in  electrical  resistance  of  the  material  under, 
going  fusion  would,  on  the  other  hand,  cause  sudden  increase  in 
the  resistance  of  the  arc,  with  a  likelihood  of  its  extinction,  if  such 
self  adjusting  action  did  not  take  place. 

Another  important  element  of  success  in  electric  fusion  consists 
in  constituting  the  material  to  he  fused  the  positive  pole  of  the 
electric  arc.  It  is  well  known  that  it  is  at  the  positive  pole,  that 
the  heat  is  principally  developed,  and  fusion  of  the  material  con- 
stituting the  positive  pole  takes  place  even  before  the  crucible 
itself  is  heated  up  to  the  same  degree.  This  principle  of  action 
ia  of  course  applicable  only  to  the  melting  of  metals  and  other 
electrical  conductors,  such  as  metallic  oxides,  which  constitute  the 
materials  generally  operated  upon  in  metallurgical  processes.  Il 
operat'wg  upon  non-conductive  earth  or  upon  gases,  it  becomt; 
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ecessary  to  provide  a  non-destructible  positive  pole,  such  as  plati- 
um  or  iridium,  which  may,  however,  undergo  fusion,  and  form  a 
!ttle  pool  at  the  bottom  of  the  crucible. 

In  this  electrical  furnace  some  time,  of  course,  is  occupied  to 
ring  the  temperature  of  the  crucible  itself  up  to  a  considerable 
egree,  but  it  is  surprising  how  rapidly  an  accumulation  of  heat 
ikes  place.  In  working  with  the  modified  medium-sized  dynamo 
machine,  capable  of  producing  36  webers  of  current  with  an 
Kpenditure  of  4  horse-power,  and  which,  if  used  for  illuminating 
urposes,  produces  a  light  equal  to  6,000  candles,  I  find  that  a 
racible  of  about  20  centimetres  in  depth,  immersed  in  a  non- 
onductive  material,  is  raised  up  to  a  white  heat  in  less  than 
quarter  of  an  hour,  and  the  fusion  of  1  kilogram  of  steel  is 
fifected  within  say,  another  quarter  of  an  hour,  successive  fusions 
leing  made  in  somewhat  diminishing  intervals  of  time.  It  is  quite 
easible  to  carry  on  this  process  upon  a  still  larger  scale  by 
ticreasing  the  power  of  the  dynamo-electric  machine  and  the  size 
I  the  crucibles.  (These  remarks  were  illustrated  by  an  actual 
ffraogement  on  the  plan  described,  and  1  lb.  weight  of  broken 
lies,  which  were  placed  in  a  crucible  through  which  a  dynamo- 
nrrent  of  about  70  webers  was  passed,  was  brought  to  a  liquid 
tate  in  thirteen  minutes,  and  poured  out  of  the  crucible  in  that 
ondition.) 

By  the  use  of  a  pole  of  dense  carbon,  the  otherwise  purely 
hemical  reaction  intended  to  be  carried  into  effect  may  be 
Interfered  with  through  the  detachment  of  particles  of  carbon  from 
lie  same  ;  and  although  the  consumption  of  the  negative  pole  in  a 
outral  atmosphere  is  exceedingly  slow,  it  may  become  necessary  to 
ibstitute  for  the  same  a  negative  pole  so  constituted  as  not  to  yield 
^7  substance  to  the  arc.  I  have  used  for  this  purpose  fas  also  in 
^6  construction  of  electric  lamps)  a  water  pole,  or  tube  of  copper, 
irough  which  a  cooling  current  of  water  is  made  to  circulate. 
f  consists  simply  of  a  stout  copper  cylinder  closed  at  the  lower 
W,  having  an  inner  tube  penetrating  to  near  the  bottom  for  the 
pssage  of  a  current  of  water  into  the  cylinder,  which  water  enters 
is  discharged  by  means  of  flexible  india-rubber  tubing.  This 
ing  being  of  non- conductive  material,  and  of  small  sectional 
^^}  the  escape  of  current  from  the  pole  to  the  reservoir  is  so 
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slight  that  it  may  be  entirely  neglected.  On  the  other  hand, 
some  loss  of  heat  is  incurred  through  conduction  in  the  use  of  die 
water  pole,  but  this  loss  diminishes  with  the  increasing  heat  of  the 
furnace,  inasmuch  as  the  arc  becomes  longer,  and  the  pole  is 
retired  more  and  more  into  the  crucible  cover. 

The  dynamo. electric  machine  consuming  4*25  horse-pover, 
or  3*17  ergtensy  per  second,  will  send  a  current  of  40*5  webeis 
through  1  unit  electrical  resistance ;  replacing  the  resistance  by  an 
arc  maintained  by  the  balance-weight  constantly  at  37*8  volts 
electro-motive  force,  the  same  current  will  flow. 

Neglecting  the  connecting  wires,  there  will  be  developed  in  the 
arc  an  energy  of 

1,631-2  X  W  ergs,  per  second  =  9,187*2  x  10*  ergs,  per  minute, 

or  1,378'1  X  10"  ergs,  per  15  minutes  =  32*8  x  10*  gram  water 

degree  units  of  heat. 

Assuming  steel  to  have  the  same  specific  heat  as  iron,  viz., 

at  <®  = 

0-1040  X  0-000144  f, 

and  that  the  melting  point  of  steel  is  1800^  C,  then  420'5  umti 
of  heat  will  be  expended  in  raising  the  steel  to  this  temperature; 
and  assuming  the  latent  heat  of  fusion  of  steel  at  29*5  units  (silver 
is  21,  and  zinc  28),  there  are  roughly  450  units  required  to  melt» 
gram  of  steel,  and  225,000  to  melt  half  a  kilogram,  that  is  aboat 
f  of  the  heat  generated  in  the  crucible,  and  ^  of  the  horse-poiff^ 
actually  expended.  A  good  expansive  condensing  steam  engine 
converts  the  heat  energy  residing  in  coal  into  mechanical  energjt 
with  a  loss  of  over  eighty  per  cent.,  or,  in  other  words,  i  only 
of  the  7,000  units  residing  in  a  gram  of  ordinary  coal  is  represented 
as  work  in  the  engine.  It  hence  follows  that  the  usefol  effed 
attainable  in  the  electric  furnace  is  ^  x  |  =  ^  of  the  heat  eneigj 
residing  in  the  fuel  consumed  under  the  boiler  of  the  engine. 

To  melt  a  gram  of  steel  in  the  electric  furnace  takes,  therefoi 
450  X  18  =  8,100  units,  which   is  within    a  fraction  the  h 
actually  contained  in  a  gram  of  pure  carbon.     It  results  from 
calculation  that,  through  the  use  of  the  dynamo-electric  machisi 
worked  by  a  steam  engine,  when  considered  theoretically,  ob 
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pound  of  coal  is  capable  of  melting  nearly  one  pound  of  mild 
steel.  To  melt  a  ton  of  steel  in  crucibles  in  the  ordinary  air 
furnace  used  at  Sheffield,  from  2^  to  3  tons  of  best  Durham  coke 
are  consumed,  the  same  effect  is  produced  with  one  ton  of  coal 
when  the  crucibles  are  heated  in  the  Regenerative  Qas  Furnace, 
whilst  to  produce  mild  steel  in  large  masses  on  the  open  hearth 
of  this  furnace,  12  cwt.  of  coal  suffice  to  produce  one  ton  of  steel. 
The  electric  furnace  may  be  therefore  considered  as  being  more 
economical  than  the  ordinary  air  furnace,  and  would,  barring 
some  incidental  losses  not  included  in  the  calculation,  be  as  regards 
economy  of  fuel  nearly  equal  to  the  Regenerative  Gas  Furnace. 

It  has,  however,  the  following  advantages  in  its  favour : — 1st. 
That  the  degree  of  temperature  attainable  is  theoretically  unlimited. 
2nd.  That  fusion  is  effected  in  a  perfectly  neutral  atmosphere.  3rd. 
That  the  operation  can  be  carried  on  in  a  laboratory  without  much 
preparation,  and  under  the  eye  of  the  operator.  4th.  That  the 
limit  of  heat  practically  attainable  with  the  use  of  ordinary  re- 
firactory  materials  is  very  high,  because  in  the  electric  furnace  the 
fusing  material  is  at  a  higher  temperature  than  the  crucible, 
whereas  in  ordinary  fusion  the  temperature  of  the  crucible  exceeds 
that  of  the  material  fused  within  it. 

Without  wishing  to  pretend  that  the  electric  furnace  here  repre- 
sented is  in  a  condition  to  supersede  other  furnaces  for  ordinary 
purposes,  the  advantages  above  indicated  will  make  it  a  useful 
agent,  I  believe,  for  carrying  on  chemical  reactions  of  various  kinds 
at  temperatures  and  under  conditions  which  it  has  hitherto  been 
impossible  to  secure.  (A  second  charge  of  steel  was  now  put  into 
the  crucible,  and  was  poured  out  in  a  molten  state  at  the  end  of 
eight  minutes.) 

THE  EFFECT  OF  DYNAMO-BLBOTEIO  BNBBQY  UPON  HOBTIOULTDBB, 
AS  A  FBOMOTBB  OF  THE  CHEMICAL  CHANGES  BY  WHICH  THE 
PLANT  TAKES  ITS  CHIEF  INGBEDIBNTS  OF  FOOD  FBOM  THE 
ATMOSPHEBE. 

A  consideration  of  the  extremely  elevated  temperature  of,  and 
of  the  effects  produced  in  experimenting  with,  powerful  electric   . 
arcs,  such  as  causing  blistering  of  the  skin  and  a  feeling 
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sunstroke  in  the  incautious  observer,  has  led  me  to  reflect  whether 
the  action  of  the  arc  was  not  analogous  to  that  of  the  sun  in  its 
effect  also  upon  vegetable  life.  The  solar  ray,  in  falling  upon  liie 
leaf  of  a  plant,  not  only  produces  the  colouring  matter  called 
chlorophyll,  but  effects  within  the  vegetable  cell  decomposition  of 
the  carbonic  acid  and  aqueous  vapour  absorbed  from  the  atmo- 
sphere for  the  formation  of  starch  and  woody  fibre. 

I  mentioned  my  views  on  this  subject  to  several  botanists, 
from  whom  I  received  some  encouragement  to  put  the  question  to 
practical  test,  which  I  accordingly  did,  commencing  in  the  early 
portion  of  the  present  year,  at  my  country  residence,  of  Sherwood, 
near  Tunbridge  Wells, 

The  apparatus  I  use  consists: — 1st,  of  a  vertical  Siemens 
dynamo-machine,  weighing  50  kilograms,  with  a  resistance  of  0*717 
unit  on  the  electro-magnets.  This  machine  makes  1,000  revolutions  a 
minute;  it  takes  two  horse^power  to  drive  it,  and  develops  a 
current  of  from  25  to  27  webers  of  an  intensity  of  70  volts.  2.  A 
regulator  or  lamp,  constructed  for  continuous  currents,  with  two 
carbon  electrodes  of  12  mm.  and  10  mm.  diameter  respectively. 
The  light  produce^  is  equal  to  1,400  candles.  3.  A  three  horse- 
power Otto  gas  engine  as  motor. 

My  object  was  to  ascertain  by  experiment  whether  electric 
light  affected  the  growth  of  plants.  For  this  purpose  I  placed  in  the 
open  air  a  regulator  contained  in  a  lamp  having  a.metallic  reflector, 
about  2  metres  above  the  roof  of  a  sunk  melon  house.  Several 
pots  were  provided,  and  planted  with  quick-growing  seeds  and 
plants,  such  as  mustard,  carrots,  melons,  etc.  The  plants  were 
arranged  to  be  brought  at  suitable  intervals,  without  moving  them, 
under  the  influence  of  daylight  and  electric  light,  both  falling  upon 
them  at  approximately  the  same  angle.  The  pots  were  divided 
into  four  groups  or  series.  One  group  was  kept  entirely  in  the 
dark,  another  was  exposed  to  the  influence  of  electric  light  only, 
the  third  to  the  influence  of  daylight  only,  and  the  fourth  was 
exposed  successively  to  both  day  and  electric  light. 

In  this  first  trial  the  electric  light  was  supplied  during  six 
hours,  from  5  to  11  each  evening,  the  plants  being  left  in  darkness 
the  rest  of  the  night,  but  in  experiments  hereafter  to  be  referred 
to,  the  electric  light  was  kept  on  during  the  whole  night. 
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In  every  mstance  the  di£fereaces  of  effect  were  unmiatakable. 
Tie  plants  kept  in  the  dark  were  pale  yellow,  tliin  in  the  stelk, 
ed  soon  died.  Those  exposed  to  electric  light  only,  showed  a  light 
jjfeen  leaf,  and  had  sufficient  vigour  to  survive.  Those  exposed  to 
taylight  only  were  of  a  darker  colour  and  greater  vigour.  Those 
rased  to  both  sources  of  light  evinced  a  decided  superiority  in 
igonr  over  the  rest,  and  the  colour  of  the  leaf  was  a  dark  rich 


It  must  be  remembered  that  in  this  trial  of  electric  against 

lolar  light,  the  period  of  exposure  was  in  favour  of  the  latter  in 

a  proportion  of  nearly  2  to  1,  but  after  making  every  allowance, 

f  the  average  daylight  in  these  latitudes  in  the  early  portion  of 

Ithe  year  appears  to  have  about  twice  the  effect  of  electric  light. 

^t  was  evident,  however,  that  the  electric  arc  was  not  so  placed 

)  to  give  out  its  light  to  the  greatest   advantage.     The  nights 

Bre  cold,  and  the  plants  under  experiment  were  for  the  moat 

irt  of  a  character  to  require  a  hot  moist  atmosphere ;  the  glass 

pas   became    covered    very  thickJy  with   moisture,   obstructing 

?  the  action  of  the  light,  besides  which  the  electric  light 

i  to  traverse  the  glass  of  its  own  lamp.     Notwithstanding  these 

Irawbacks,  the  electric  light  clearly  formed  chlorophyll  and  its 

iBrivatives  in   the   plants.      But    it  was,  besides,  interesting  to 

lerve  the  mechanical  action  that  took  place,  for  the  mustard 

3  stem,  when  placed  obliquely,   turned  completely  towards  the 

the   course   of  two   or  three  hours,   and  the   stems  of 

icumber  and  melon  plants  also  did  so,  though  more  slowly.     The 

number  and  melon  plants  which  have  been  exposed  to  both  day 

pd  electric  light  have  made  great  progress,  and  my  gardener  tells 

i  that  he  could  not  have  brought  on  the  latter  without  the  aid 

t  the  electric  light  during  the  early  winter.     These  preliminary 

ials  go  to  prove  that  electric  light  can  be  called  to  the  aid  of 

;ht  by  using  it  outside  of  green  bouses,  but  the  loss  of 

pTect  in  such  cases  is  considerable. 

I  next  directed  my  observations  to  the  effect  of  electric  light 

1  plants,  when  both  were  placed  in  the  same  enclosure.     A 

ion  of  the  melon-house  already  referred  to  was  completely 

brkened  with  a  covering  of  thick  matting,  and  was  whitevfailieii 
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inside.  The  electric  lamp  was  placed  over  the  entrance  door,  aod 
shelves  were  arranged  in  a  horse-shoe  form,  with  pots  cootaiDing 
the  plants  to  be  experimented  upon,  the  plants  being  placed  at 
distances  from  the  source  of  light  varying  from  0"5  metre  to  2'3 
metres.  The  first  time  the  naked  electric  light  was  tried  in  this 
manner,  some  of  the  plants,  and  especially  some  melon  and  cucum. 
ber  plants,  from  20  cm.  to  40  cm.  in  height,  less  than  a,  metre 
distance  from  the  lamp,  suffered,  the  leaves  nearest  the  lamp 
turning  up  at  the  edges,  and  presenting  a  scorched  appearance. 
In  the  later  experiments  the  stands  were  so  arranged  that  the 
distance  of  the  plants  from  the  light  was  from  1"5  to  2"3  metres. 
The  plants  were  divided  into  three  groups  ;  cne  group  was  exposed 
only  to  daylight,  a  second  group  received  only  electric  light  during 
eleven  hours  of  the  night,  being  in  darkness  during  the  day,  and  the 
third  group  had  the  benefit  of  11  hours  day  and  11  hours  electric 
light.  These  experiments  were  continued  during  four  consecutive 
days  and  nights,  and  the  results  are  very  striking  and  decisive  as 
regards  the  effect  upon  such  quick  growing  plants  as  mustard, 
carrots,  &c.  The  trial  was  unsatisfactory  in  this  one  respect,  that 
during  the  third  night  the  gas-eugine  working  the  dynamo  machina 
came  to  a  stand-still,  owing  to  a  stoppage  in  one  of  the  gas 
channels,  and  the  electric  light  wa»i  only  applied  half  the  night. 
Notwithstanding  this  drawback  the  plants  were  evidently  benefited 
by  the  electric  light.  The  plants  that  had  only  been  exposed  to 
daylight  (with  a  fair  proportion  of  sunlight)  presented  ihe  usual 
healthy  green  appearance ;  those  exposed  to  electric  light  alone 
were  of  a  somewhat  lighter  hue  than  those  exposed  to  daylight, 
except  in  one  instance  when  the  reverse  was  the  case ;  while  the 
plants  that  had  the  benefit  of  both  day  and  electric  light  far  sni- 
passed  the  others  in  darkness  of  green  and  general  vigour.  A  fear 
had  been  expressed  that  the  melon  and  cucumber  places  whidi 
had  been  scorched  by  the  electric  light  on  the  first  evening  would 
droop  or  die  under  continued  exposure  to  that  agency,  hut  they 
were  replaced  at  a  distance  from  the  light  exceeding  2  metres,  and 
they  have  all  shown  signs  of  recovery.  A  pot  of  tulip  buda  was 
placed  in  this  electric  stove,  and  the  flowers  opened  completely 
after  an  exposure  of  two  hours. 
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Another  object  I  had  in  view  in  this  experiment  was  to  observe 
'hether  the  plants  were  injured  by  carbonic  acid,  and  the  nitro- 
mous  compounds  observed  by  Professor  Dewar  to  be  produced 
within  the  electric  arc.  All  continuous  access  of  air  into  the  stove 
was  stopped,  and  in  order  to  prevent  excessive  accumulation  of 
beat,  the  stove  pipes  were  thickly  covered  over  with  matting  and 
wet  leaves.  But  although  the  access  of  stove  heat  was  thus 
stopped,  the  temperature  of  the  house  continued  through  the 
jiight  at  72°  F,,  proving  that  the  electric  light  furnished  not  only 
[ht,  but  sufficient  heat  also.  No  injurious  effect  was  observed 
the  plants  from  the  want  of  ventilation,  and  it  is  probable  that 
e  supply  of  carbonic  acid  given  off  by  the  complete  combustion 
the  carbon  electrodes  at  high  temperature,  aud  under  the 
fluence  of  an  excess  of  oxygen,  sustained  their  vital  functions, 
nitrogenous  compounds  were  produced  in  large  quantities,  it  is 
tely  the  plants  would  have  been  injured;  but  ihey  could  not  be 
perceived  by  their  smell  in  the  stove,  when  all  ventilators  were 
closed,  and  no  injurious  effects  on  the  plants  have  been  observed. 
These  experiments  are  instructive  in  proving  that  electric  light 
one  promotes  vegetation,  and  the  important  fact  that  diurnal 
pose  is  unnecessary  to  plant  life,  although  the  experiments  have 
irhapa  not  lasted  long  enough  to  furnish  that  proof  absolutely,  ' 
We  may  argue,  however,  from  analogy,  that  such  repose  is  not 
ry,  as  crops  grow  and  ripen  very  quickly  in  northern 
latitudes,  where  the  summer  is  only  two  months  in  length,  during 
irhii;^  period  the  sun  is  almost  altogether  above  the  horizoD. 

I  next  removed  the  electric  light  into  a  palm  house  constructed 
framed  glass  (8*G  m.  x  14"4m.  x  4'42m.)  In  its  centre,  a 
banana  palm  and  a  few  other  small  palms  are  planted,  whilst  a 
Bonsiderable  variety  of  flowering  plants  are  placed  around  the 
interior.  The  electric  light  was  placed  at  the  south  corner  of  the 
liouee,  as  high  as  practicable,  that  its  rays  might  fall  upon  the 
|>IantG  in  the  same  direction  and  at  the  same  angle  as  those  of 
during  the  middle  of  the  day.  A  metallic  reflector  was 
daced  behind  the  lamp,  so  as  to  utilise  all  the  rays  as  far  as 
dble.  Some  young  vines  are  planted  along  the  eastern 
I    of   the    house.      Three    pots    of   nectarines    juat    on.   ^'% 
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bud  were  placed  ou  tbe  fioor  at  different  distances  from  the 
light,  and  also  some  roses,  geraniums,  orchids,  etc.  The  tem- 
perature of  the  house  was  maintained  at  65"  F.,  and  the  electric 
lamp  was  kept  alight  from  5  p.m.  to  6  a.m.  for  one  week,  frontJ 
February  ISth  to  February  2ttth,  excepting  Sunday  night.  Tha 
period  of  the  trial  was  Lardly  sufficient  to  produce  very  strikiiq^  fl 
effects,  but  the  plants  remained  healthy.  The  vine  nearest  the 
light  made  most  progress,  and  the  same  statement  could  be 
Ta&Ae  regarding  the  otiCtarines  and  roses.  Other  plants,  such  as 
geraniums,  continued  to  exhibit  a  vigorous  appearance,  and  the 
electric  light  appeared  to  impart  the  vitality  necessary  to  prevent 
the  plants  being  injured  through  excessive  temperature.  ThiKj 
experiment  is  important  in  showing  that  the  electric  light,  wh«i| 
put  into  conservatories,  improves  the  appearance  and  growth  ( 
the  plants — the  leaves  become  darker,  the  plants  more  vigorou^ 
and  the  colouring  of  the  flowers  brighter ;  but  a  further  period  4 
time  is  necessary  to  establish  this  observation  absolutely,  Th( 
effects  produced  by  electric  light  in  conservatories  are  vi 
striking,  owing  to  the  clearer  definition  of  form  and  colour  ( 
thereto. 

I  decided  in  the  next  place  to  try  the  effect  of  the  electric  liglti 
upon  plants  in  the  open  air  and  under  glass  at  the  same  time, 
regulator  was  returned  to  its  first  position,  two  metres  above  tbi 
ground,  with  a  sunken  melon  house  on  the  one  side,  and  a  sunkM 
house  containing  roses,  lilies,  strawberries,  and  a  variety  of  othai 
plants  on  the  other.  Upon  the  ground  between  these  were  pla( 
boxes  sown  with  early  vegetables,  and  protecting  walls  were  ereotei 
across  the  openings  of  the  passage  between  the  two  houses,  in  ord^ 
to  protect  the  plants  from  cold  winds.  The  effects  could  thus  b 
simultaneously  .observed  upon  the  melons  and  cucumbers  in  th 
one  house,  upon  the  roses,  strawberries,  etc.,  at  a  lower  tempera 
ture,  in  the  other,  and  upon  the  early  vegetables  unprovided  witfc 
covering. 

That  growth  was  promoted  under  all  these  varying  circum 
stances  I  proved  clearly,  by  shading  a  portion  of  the  plants  bott 
under  glass  and  in  the  open  air  from  the  electric  light,  withoqi 
removing  them  from  their  position  of  equal  temperature,  and  e 
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posing  them  to  solar  light  during  day  time.  Upon  flowering  plants 
the  effects  are  very  striking,  and  the  electric  light  is  apparently 
more  efficacious  to  bring  them  forward  than  daylight  in  winter. 
Although  the  quantity  of  heat  giren  off  by  the  electric  light  is  not  so 
great  in  amount  as  that  from  burning  gas,  yet  the  heat  rays  from 
the  arc  counteract  that  loss  of  heat  from  the  leaves  by  radiation 
into  space,  which  causes  boar  frost  on  a  clear  night.  An  experiment 
made  during  a  night  of  hoar  frost  clearly  proved  that  although  the 
temperature  on  the  ground  did  not  differ  materially  within  the 
range  of  the  electric  light  and  beyond  it,  the  radiant  effect  of  the 
light  was  such  as  to  prevent  frost  entirely  within  its  range.  For  this 
reason  I  anticipate  the  useful  application  of  electric  light  in  front  of 
fruit  walls,  in  orchards,  and  in  kitchen  gardens,  to  save  the  fruit 
bud  at  the  time  of  setting. 

Considering  the  evident  power  of  the  electric  light  to  form 
chlorophyll,  tiiere  seemed  reason  to  suppose  that  its  action  would 
also  in  the  case  of  ripening  fruit  resemble  that  of  the  sun,  and  that 
saccharine  matter,  and  more  especially  the  aromatic  constituents, 
would  be  produced.  To  test  this  opinion  practically,  several  plants 
of  early  strawberries  in  pots  were  placed,  as  in  the  last  experiment, 
in  two  groups,  the  one  being  subjected  to  daylight  only,  and  the 
other  to  solar  light  during  the  day  and  to  electric  light  at  night. 
Both  groups  were  placed  under  glass,  at  temperatures  varying  from 
65°  to  70°  F.,  those  that  received  daylight  only  heing  shielded  from 
the  effect  of  the  electric  light. 

At  the  commencement  of  the  experiment  the  strawberry  plante 
were  partly  setting  fruit,  and  partly  in  bloom.  After  a  week  the 
fruit  on  the  plants  exposed  to  electric  light  had  swelled  very  much 
more  than  that  on  the  others,  some  of  the  berries  showing  signs  of 
ripening.  The  experiment  was  interrupted  for  two  nights  at  this 
Stage,  and  when  the  electric  light  was  resumed,  very  rapid  progress 
Traa  observable ;  and  after  four  days  continuous  exposure  to  both 
day  and  electric  light,  the  majority  of  the  berries  had  become  ripe, 
and  showed  a  rich  red  colour,  while  the  fruit  on  the  plants  that 
hod  been  exposed  to  daylight  only,  scarcely  showed  even  a  sign  of 
redness. 

Melons  that  have  been  brought  forward  with  the  aid  of  the 
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electric  light  also  clearly  prove  its  advantageous  effects  in  promotmg 
the  setting  of  fruit,  the  process  of  ripeniog,  and  the  production 
of  aroma. 

These  experiments  go  to  prove  that  electric  light  is  efficaciooi 
in  promoting  the  formation  of  fruit  rich  in  bloom  and  aroma,  and 
if  these  results  should  be  confirmed,  the  horticulturist  will  be  able 
to  make  himself  practically  independent  of  solar  light  for  produi 
a  high  quality  of  fruit  at  all  seasons  of  the  year. 

Although  I  have  shown  that  a  maximum  beneficial  result  oa' 
vegetation  is  pro<luced  at  a  distance  of  2  metres  with  a  lamp  of 
1,400  candle  power,  the  influence  is  very  marked  upon  plants  at> 
greater  distances.  This  action  at  a  distance  was  proved  by  tbs 
condition  of  three  melon  plants  situated  towards  the  back  of  tbe 
house,  which  throve  remarkably-  well  for  about  a  fortnight  that  th9 
electric  light  was  in  front  of  the  house,  at  a  distance  of  from  5  to  6 
metres  from  the  plants.  After  the  electric  light  was  removed  in 
front  of  the  other  end  of  the  same  house,  and  the  plants  in  qoeation 
were  deprived  of  its  influence,  they  continned  their  growth,  bat 
have  shown  a  very  decided  falling-off  in  vigour. 

An  important  consideration  if  the  cost  of  electro -horticulture. 
Thia  depends  upon  the  cost  of  the  fuel  or  other  source  of  energy, 
and  upon  the  acale  of  application.  To  work  one  electric  lamp  only 
with  a  small  steam  or  gas  engine  is  expensive,  both  as  regards  fuel 
and  cost  of  attendance.  If  steam  has  to  be  re.sorted  to,  it  is  impor- 
tant to  employ  an  engine  of  sufficient  size  to  produce  economical 
results  per  borse-power  of  energy  expended,  and  tbe  electric  arc 
should  be  of  sufficient  brilliancy  to  give  a  good  eSect  for  the  power 
employed.  Experience  in  electric  illumination  has  established  a 
form  and  size  of  machine  both  convenient  and  suitable  for  the 
attainment  of  economical  result-s,  viz.,  the  medium  dynamo -electric 
machine,  which,  if  applied  to  a,  suitable  regulator,  produces  fully 
6,000  candle-power  of  diffused  light  with  an  expenditure  of  4  horse- 
power. The  experiments  already  referred  to  show  that  the  most 
efficient  height  at  which  to  place  the  naked  electric  arc  of  1,400 
candle-power  is  about  2  metres.  By  using  a  metallic  reflector, 
the  major  portion  of  the  upward  rays  may  be  thrown  down  upon 
the  surface  to  be  illuminated,  and  that  height  may  be  taken  at 
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8  metres.  If  an  electric  arc  of  6,000  candles  was  employed,  the 
height  would  be  ^. ...,.  x  3  =  6'2  metres,  at  whicli  such  an 
electric  light  should  be  fised,  In  operating  upon  an  extended 
surface,  several  lamps  should  be  so  placed  as  to  make  the  effect 
over  it  tolerably  uniform.  This  would  be  so  if  the  radiating 
centres  were  placed  at  distances  apart  equal  to  double  their  height 
above  the  ground ;  for  a  square  foot  of  surface  midway  between 
them  would  receive  from  each  centre  one-half  the  number  of 
rays  falling  upon  such  a  surface  immediately  below  a  centre.  A 
plant  at  the  intermediate  point  would,  however,  have  the  advan- 
tage of  presenting  a  larger  leaf  surface  to  both  sources  of  light ; 
and  to  compensate  for  this  advantage,  the  light  centres  may  be 
placed  yet  further  apart,  say  at  distances  equal  to  3  times  their 
nrfevation,  or  18  metres.  Nine  lights  so  placed  would  sufSce  for 
An  area  54  metres  square,  or  about  J  acre.  If  a  high  fruit  wall 
were  to  enclose  this  space,  this  will  also  get  the  full  benefit 
of  electric  radiation,  and  would  serve  at  the  same  time  to  protect 
the  plants  from  winds.  By  subdividing  the  area  under  forced 
cultivation  by  vertical  partitions  of  glass,  as  has  been  done  with 
excellent  results  by  Sir  William  Armstrong,  protection  is  insured 
against  injury  from  this  latter  cause. 

There  would  be  required  to  maintain  this  radiant  action  a 
9  X  4  =  36  horse-power  engine,  involving  the  consumption  of 
36  X  2J  =  90  pounds  of  fuel  per  hour,  which,  for  a  night  of  12 
hours,  with  40  pounds  for  getting  up  steam,  amounts  to  balf-a-ton, 
costing,  at  16s.  a  ton,  Ss.  a-night.  This  does  not  include,  how- 
ever, the  cost  of  carbons,  or  of  an  attendant,  which  would  probably 
amount  to  as  much  more,  making  a  total  of  Ifis.  If,  however, 
an  engine  could  be  utUised  doing  other  descriptions  of  work  during 
the  day,  the  cost  of  steam  power  and  attendance  for  the  night  work 
only  would  be  considerably  reduced. 

I  have  assumed  in  the  calculation  just  given  the  use  of  fiiel  to 
produce  mechanical  energy,  but  the  question  will  assume  a  totally 
different  aspect  if  natural  sources  of  power,  such  as  waterfalls, 
can  be  rendered  available  within,  a  short  distance.  The  cost  of 
.power  will  in  such  case   be   nlmost  entirely  faved,   and  that  of 


394  THE  DYNAMO-ELECTRIC  CUEEENT  IS  ITS  [June  atd, 

attendance  greatly  diminished,  and  it  seems  probable  that  under 
such  circumstances  electro-horticulture  may  be  carried  out  with 
considerable  advantage. 

In  reply  to  questions  that  have  been  frequently  asked  regarding 
the  cost  of  maintaining  an  experimental  electric  light  of  1,400 
candle-power,  such  as  I  have  used  in  these  experiments,  I  may 
state  that  the  3  horse-power  Otto  gas  engine  employed  in  drivin 
the  dynamo  machine  consumes  nearly  900  cubic  feet  of  gas  duria 
the  night  of  twelve  hours,  or  75  cubic  feet  an  hour,  which,  a 
3s.  6d.  per  1,000  cubic  feet,  represents  with  the  carbons  a  costd 
5d,  an  hour.  This,  however,  does  not  include  superintendence  (K 
incidental  expenses,  the  amount  of  which  must  depend  upon  tl 
circumstances  of  each  case. 

The  experiments  furnish  proof  that  no  particular  skill  ; 
required  in  the  management  of  the  electrical  apparatus,  as  th 
gas  engine,  dynamo  machine,  and  regulator  have  been  under  th 
sole  management  of  my  head  gardener,  Mr,  D.  Buchanan,  and  i 
his  son,  an  assistant  gardener.  The  regulator  only  requires  t 
replacement  of  carbons  every  four  or  five  hours,  which  period  maj 
easily  be  extended  to  twelve  hours,  by  a  slight  modification  o 
the  lamp. 

I  am  led  to  the  following  conclusions  as  the  result  of  rs, 
experiments : — ■ 

1.  That  electric  light  is  both  efficacious  in  producing  chloroi 
phyll  in  the  leaves  of  plants  and  in  promoting  growth. 

2.  That  a  light-centre  equal  to  1,400  candles,  placed  at  J 
distance  of  two  metres  from  growing  plants,  appears  to  be  equi 
in  effect  to  average  daylight  in  February,  but  more  economics 
effects  can  he  attained  by  more  powerful  light- centres. 

3.  That  carbonic  acid,  and  the  nitrogenous  compounds  generate* 
in  diminutive  quantities  in  the  electric  arc  produce  no  sensibU 
deleterious  effects  upon  plants  enclosed  in  the  same  space. 

4.  That  plants  do  not  appear  to  require  a  period  of  rest  dnrinj 
the  24  hours  of  the  day,  but  make  increased  and  vigorous  piogrea 
if  subjected  during  daytime  to  sunlight  and  during  the  night  6 
electric  light. 

6.  That  the  radiation  of  heat  from  powerful  electric  arcs  cal 
be  made  arailable  to  cotmteiact.  the  effect  of  night  frost. 
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6.  That  while  under  the  influence  of  electric  light,  plants  can 
sustain  increased  stove  heat  without  collapsing,  a  circumstance 
favourable  to  forcing  by  electric  light. 

7.  That  the  light  is  efficacious  in  hastening  the  development 
of  flowers  and  of  fruit;  the  flowers  produced  by  its  aid  are 
remarkable  for  intense  colouring,  and  the  fruit  both  for  bloom 
and  aroma,  without  apparent  augmentation  of  the  saccharine 
constituents. 

8.  That  the  expense  of  electro-horticulture  depends  mainly 
upon  the  cost  of  mechanical  energy,  and  is  very  moderate  when 
natural  sources  of  such  energy,  as  waterfalls,  can  be  made  available. 

Some  observations  made  by  Dr.  Schiibeler,  of  Christiania,  to 
which  my  attention  has  been  drawn,  fully  confirm  the  conclusion 
indicated  by  my  experiments  with  electric  light.  According  to 
Dr.  Schiibeler,  plants  are  able  to  grow  continuously ;  and  when 
under  the  influence  of  continuous  light,  they  develop  more 
brilliant  flowers  and  larger  and  more  aromatic  fruit  than  when 
under  the  alternating  influence  of  light  and  darkness. 

The  useful  influence  of  the  electric  light  in  horticulture  having 
been  thus  established,  I  have  taken  steps  to  test  the  principle  upon 
a  working  scale.  Natural  sources,  such  as  water  power,  not  being 
available,  I  have  had  to  resort  to  steam  as  the  motive  agent. 
With  this  object  I  have  laid  down  a  6  horse-power  horizontal 
engine,  by  Tangye  Brothers,  and  a  Cornish  boiler,  fitted  with 
2  Qalloway  tubes  in  the  flue,  close  to  the  conservatories  at 
Sherwood,  and  at  a  distance  of  somewhat  less  than  a  quarter, 
of-a-mile  from  the  farm  buildings.  The  power  of  this  engine 
is  sufficient  to  give  motion  to  two  dynamo  machines,  capable 
of  producing  12,000  candle-power  of  light.  The  steam,  after  doing 
its  work  in  the  engine,  will  be  made  available  as  a  heating  agent 
for  the  hot-houses;  but  it  having  been  found  undesirable  to  pass  such 
steam  directly  into  the  pipes  leading  to  the  houses,  an  intermediate 
tubular  heater  is  used  to  eflect  the  condensation  of  the  steam,  and 
to  communicate  its  latent  heat  to  the  water  circulating  through 
the  ranges  of  pipes  in  the  usual  manner.  The  fires  now  necessary 
to  maintain  the  heat  of  the  circulating  pipes  are  suppressed,  and 
that  below  the  steam  boiler  substituted,  which,  admitting  of  an 
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ammgement  more  suitable  for  economical  results,  will,  it  is 
expected,  require  little  or  no  additional  expenditure  of  fuel  beyond 
what  has  hithorto  been  necessary  to  work  the  stoves.  The  powa 
required  for  the  electric  light  can  therefore,  under  the  peculiK 
circumstances  of  the  case,  be  obtained  at  a  comparatively  low  cost 
during  the  time  the  electric  light  is  needed,  The  stoves,  however, 
will  require  firing  during  the  daytime ;  and  in  order  to  utilise  the 
engine  power  when  not  required  for  electric  lighting,  arrangemenls 
will  he  made  bo  that  the  machines  for  chaff  and  turnip  cutting  at 
the  farm,  and  also  some  wood-cutting  machinery,  shall  be  worked 
by  electric  transmission  of  power,  the  current  being  derived  from 
the  same  dynamo. electric  machine  which  works  the  electric  light 
during  the  night.  By  means  of  these  arrangements  the  subject  of 
electro-horticulture  will  be  put  during  the  ensuing  winter  to  the 
test,  not  only  of  what  can  be  accomplished  by  its  aid,  but  as  to  tha 
cost  at  which  those  effects  may  be  obtained. 

A  question  of  considerable  interest  connected  with  this  subject 
is  that  of  determining  which  portion  of  the  rays  constituting  white 
light  is  efficacious  in  producing  chlorophyll,  starch,  and  woody 
fibre,  and  which  in  effecf  iug  the  ripening  of  fruit.  For  this  purpose 
arrangements  are  in  preparation  to  distribute  the  spectrum  of  a 
powerful  electric  light  in  a  darkened  chamber  over  a  series  of  similar 
plants  exposed  seriatim  to  the  actinic,  light-giving,  aod  thermal 
portions  of  the  spectrum.  Some  experiments  have  been  made  with 
solar  light  in  this  direction,  but  no  very  conclusive  results  could  be 
obtained,  because  the  short  periods  of  time  during  which  the  solu 
spectrum  can  he  maintained  steadily  in  the  same  place  is  so  short 
that  the  effects  produced  upon  vegetation  have  not  been  of  a  sufE.- 
ciently  decided  character ;  whereas,  with  the  aid  of  electric  light, 
the  same  spectrum  may  be  kept  on  steadily  for  a  series  of  dajB 
without  intermission. 

For  this  purpose,  and  for  electro-horticulture  generally,  it  is 
important  to  employ  a  lamp  with  its  focus  unchangeable  in  Bpace, 
and  without  obstruction  to  the  rays  of  light  falling  downward.  Tbi 
lamp  which  I  havedesigned  for  this  purpose,  and  which  has  already 
been  referred  to  in  the  paper  read  before  the  Society  by  Mr. 
Alexander  Siemens,  is  represented  in  the  accompanying  drawing. 
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The  principal  point  of  novelty  involved  in  it  consists  in  the 
mode  of  advanciDg  the  carhons,  ivhich,  instead  of  being  effected  by 
clockwork  (as  baa  been  the  case  hitherto  in  constructing  regulators), 
is  effected  simply  by  the  force  ofgravity,  or  by  spring  power  urging 
the  carbons  forward  towards  the  point  of  meeting,  in  which  forward 
motion  each  carbon  is  checked  by  a  metallic  abutment,  in  the  form 
of  a  point  or  edge  of  copper  or  other  metal  of  high  conductivity,  the 
exact  position  of  which  can  be  regulated  by  a  screw. 

This  metallic  ridge  touches  the  carbons  laterally,  at  a  distance  of 
10  to  15  millimetres  from  the  luminous  point,  where  the  tempera- 
ture of  tbe  carbon  is  sufficient  to  cause  its  gradual  decomposition 
in  contact  with  the  atmosphere,  without  being  high  enough  to  fiiae 
or  injure  the  metal. 

In  the  lamp  before  you,  represented  in  fig.  3,  the  carbons 
are  contained  in  horizontal  holders,  suspended  from  the  lamp 
frame  by  means  of  four  suspension  rods :  a  solenoid  coil  is 
placed  vertically  above  the  point  of  light,  tbe  iron  core  of 
which  is  connected  to  the  suspension  rods  on  either  side  by 
means  of  rode,  whereby  horizontal  motion  is  applied  to  the 
metallic  carbon -holders,  tending  to  separate  them  when  the 
current  flowing  through  the  solenoid  coil  diminishes,  and  approach- 
ing tbe  carbons  when  the  current  passing  through  the  coil  increases ; 
the  effect  is,  that  an  increased  resistance  in  the  electric  arc  causes 
a  shortening,  and  a  decrease,  a  lengthening  of  the  arc  itself.  In 
order  to  steady  the  action  of  this  regulator,  the  iron  core  carries  a 
piston,  working  freely  up  and  down  in  a  vertical  cylinder,  having  a 
throttled  aperture  for  tbe  ingress  and  egress  of  atmospheric  air 
above  the  piston.  The  two  metallic  holders  are  put  into  conductive 
connection  with  tbe  two  wires  leading  up  from  the  dynamo -electric 
machine,  and  the  regulating  solenoid  coil  is  connected  to  the  two 
holders  respectively,  so  that  the  current  active  in  this  coil  is  always 
proportionate  to  the  potential  between  the  two  electrodes,  which 
by  this  arrangement  is  made  practically  constant.  If  this  lamp  is 
worked  by  alternating  currents,  the  two  carbons  are  made  equal  in 
diameter ;  but  if  worked  by  a  continuous  current,  the  carbon 
connected  with  the  positive  pole  should  be  made  larger  than  the 
one  connected  with  the  negative  pole,  in  tbe  ratio  of  about  3  : 2, 
TtKC  EC 
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Instead  of  the  solenoid  regulator,  the  steel  tape  regulator  may 
be  employed,  which  I  described  in  a  paper  read  before  the  Boyal 
Society  on  the  16th  January,  1879,  in  reference  to  certain  means 
of  measuring  and  regulating  electric  currents.  This  thin  strip 
or  wire  is  in  metallic  connection  at  one  end  with  one  of  the 
suspension  rods  connected  with  the  podtive  pole,  and  at  the  other 
with  one  of  the  suspension  rods  connected  with  the  negative  pole, 
being  led  up  and  down  over  puUies  in  order  to  produce  a  total 
resistance  of  from  20  to  30  ohms.  The  tension  on  this  wire 
produced  by  balance  weights  prevents  the  carbon  points  fiom 
coming  into  contact  with  each  other.  Whenever  the  current  is 
turned  on,  the  iron  strip  becomes  heated  and  elongates,  allowii^ 
the  carbons  to  approach  each  other.  From  the  moment  they 
touch  the  arc  is  formed,  causing  less  current  to  pass  throngh  the 
iron  strip  or  by  pass,  which  consequently  contracts  on  cooling,  azul 
causes  the  carbon  poles  to  separate,  thus  effecting  the  proper 
regulation  of  the  arc. 

In  its  application  to  horticulture,  a  metallic  parabolic  reflector 
of  considerable  diameter  is  placed  over  the  luminous  centre,  in 
order  to  reflect  downwards  all  the  rays  of  light  and  heat  which 
would  otherwise  pass  upward,  an  arrangement  which  may  be 
advantageously  carried  out  in  these  lamps  as  used  for  illumination 
when  placed  at  a  considerable  elevation  above  the  ground. 

The  horizontal  carbon-holders  may  be  made  of  considerable 
length,  and  one  rod  of  carbon  may  be  made  to  follow  up  the 
preceding  one,  in  order  to  obtain  a  continuous  action  of  the  lamp; 
it  is  necessary,  however,  to  join  the  one  carbon  to  the  succeeding 
one,  by  drilling  the  ends  and  introducing  a  short  piece  of  steel 
connecting-wire  between  the  two.  The  metallic  connection 
between  the  carbon  and  the  carbon-holder  is  effected  by  contact 
springs  and  levers,  the  latter  of  which  may  be  so  arranged  that, 
when  through  some  mistake  carbons  have  not  been  supjdied  to  a 
lamp  at  the  proper  time,  the  contact  lever  in  tipping  up,  short- 
circuits  the  working  current,  causing  the  extinguishment  of  the 
lamp,  without  stopping  the  working  of  other  lamps  within  the 
same  electrical  circuit. 

Further  experiments  have  shown  that  the  colour  of  flowers  ajid 
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frait  subjected  to  continued  electric  light  is  much  intensified.  We 
have  been  able  to  bring  strawberries  to  ripeness  by  nieans  of  the 
electric  light  fully  a  fortnight  before  the  usual  time,  such  fruit 
beii^  remarkable  for  its  colour  and  aromatic  flavour.  But  it 
seems  that  the  formation  of  sugar  is*  not  dependent  upon  this 
continuous  light,  and  I  -  might  almost  suggest  the  idea  that  the 
formation  of  sugar  is  the  very  last  action  that  goes  on  in  fruit: 
after  the  fruit  has  formed,  developed^'and  acquired  its  aromatic 
qualities^  then  the  formation  of  sugar  seems  to  step  it,  as  though 
it  were  the  fiist  stage  of  decay.  Several  botanists  of  high  standing 
(Professor  Cohen,  of  Leipzig,  and  others)  have  expressed  the 
opinion  that  the  growth  of  plants  takes  place  chiefly  at. night; 
and  there  seems  to  be  no  doubt  that  during  the  night  delicate 
and  quick-growing  plants,  such  as  cucumbers  and  melons,  make 
very  considerable  progress.  But  in  that  case  they  remain  thin 
and  yellow,  whereas  with  continuous  light  they  make  less  progress 
in  lengthy  but  develop  more  in  colour,  in  breadth,  and  in  vigour; 
so  that  the  truth  niay  lie  between  the  two  views — that,  for  most 
rapid  growth,  intermittent  light  and  darkness  may  be  necessary, 
but  that  for  vigorous  development,  and  for  the  formation  of  fruit, 
it  is  not  desirable. 

The  experiments  now  in  prepsuration  will  perhaps  settle  some 
of  these  points,  and  will  further  show  what  can  be  done  in  this 
direction  from  a  practical  point  of  view.  ■' 

Is  it  possible  to  make  use  of  electric  aid  for  growing  plants 
and  developing  fmit  that  could  be  brought  to  the  market?  This 
is  a  mixed  question.  It  depends,  in  the  first  place,  upon  the 
amount  of  effect  that  can  be  produced^  and,  in  the  second'  place, 
upon  the  cost.  My  opinion  is,  that  the  result  of  experiments  on 
a  large  scale  will  come  out  favourably  as  regards  its  application 
to  high-class  horticulture.  By  working  a  steam  engine,  and  using 
the  waste  steam  to  heat  the  water  that  circulates  through  the 
stoves,  I  believe  that  there  will  be  very  little  extra  consumption 
of  fuel ;  and  if  that  view  be  realised,  the  expense  of  the  electric 
light  will  not  be  great  at  all,  and  the  steam  engine  could  be  used 
in  the  daytime  for  various  other  ordinary  usefiil  purposes. 

Then  with  regard  to  the  spectertttn  lex^eftftnentS;    It  ih  ^  dpfen 
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question  which  portion  of  solar  light  is  really  efficacious  in  fiDrming 
chlorophyll^  and  which  in  promoting  growth  and  in  producing 
starch  and  fibrous  matter.  The  difficulty  in  experimenting  with 
solar  light  is  obvious.  Since  the  days  of  Joshua  the  sun  has  not 
been  standing  still,  and  the  power  of  making  it  do  so  is  beyond 
the  skill  of  botanistSy  hence  the  difficulty  of  obtaining  a  standing 
spectrum  by  which  to  notice  sensible  effects  produced  from  any 
portion  of  it.  In  this  respect  the  electric  light  has  every  advan. 
tage,  for,  by  placing  an  electric  lamp  in  focus  to  produce  a 
permanent  spectrum,  series  of  plants  can  be  placed  in  different 
portions  of  it,  and  the  various  results  noted  for  any  required 
period. 

ON  TSB  APPLICATION  OF  THB  DYNAMO-ELECTBIC  CUBBENT  TO 

,      LOCOMOTION. 

I  have  frequentiy  before  this  taken  occasion  to  refer  to  the 
electric  transmission  of  mechanical  energy,  and  it  is  not  mj 
intention  to  revert  to  this  subject  generally,  but  to  confine  myself 
to  an  application  for  the  propulsion  of  carriages  along  a  railway, 
which  has  recently  been  carried  into  effect  by  my  brother,  Dr. 
Werner  Siemens. 

On  the  occasion  of  a  local  exhibition  held  in  Berlin  a  year  ago, 
a  narrow  gauge  railway  was  laid  down  in  a  circle  900  yards  long. 
Upon  this  railway  a  train  of  3  or  4  carriages  was  placed,  and 
upon  the  first  carriage  a  medium-sized  dynamo-electric  machine  so 
fixed  and  connected  with  the  axle  of  one  pair  of  wheels  as  to  givB 
motion  to  the  same.  The  two  rails,  being  laid  upon  wooden 
sleepeis,  were  sufficiently  insulated  to  serve  for  electric  conductoia 
Between  the  two  rails  a  bar  of  iron  was  fixed  on  wooden  supportB, 
through  which  the  current  was  conveyed  to  the  triain  by  means  d 
metallic  brushes  fixed  to  the  driving  carriage,  while  the  return 
circuit  was  completed  through  the  rails  themselves.  At  the 
station  the  centre  bar  and  two  rails  were  connected  electrically 
with  the  poles  of  a  dynamo-electric  machine  similar  in  every  way 
to  the  machine  on  the  carriage,  and  which  received  motion  from 
one  of  the  engines  on  the  ground.  (A  diagram  was  exhibited  and 
explained,  showing  the  arrangement.  Dr.  Siemens  saying  that  he 
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-was  indebted  to  Mr.  Shoolbred  for  it,  who  had  prepared  it  for  his 
own  purposes.) 

Betweea  twenty  and  thirty  persons  could  be  accommodated  on 
the  carriages  composing  this  train,  the  conductor  riding  on  the  first 
carriage,  to  which  the  form  of  a  small  locomotive  engine  has  been 
given.  Instead  of  the  steam  valve  used  in  the  latter,  this  engine 
is  fitted  with  a  commutator,  by  moving  which  the  stopping, 
starting,  and  reversing  of  the  engine  can  be  effected. 

It  is  a  remarkable  circumstance  in  favour  of  the  electric 
transmission  of  power,  that  while  the  motion  of  the  electro, 
magnetic  or  power  receiving  machine  is  small,  its  potential  of 
force  is  at  its  maximum,  and  it  is  owing  to  this  favourable 
circumstance  that  the  electric  train  starts  with  a  remarkable 
degree  of  energy.      With  the  increase   of   motion  the  accele- 
rating power  diminishes  until  it  comes  to  zero,  when  the  velocity 
of  the  magneto  or  driven  machine  becomes  equal   to  that  of 
the  dynamo  or  current-producing  machine.     Between  the  two 
limits  of  rest  and  maximum  velocity  the  driving  power  regulates 
itself  according  to  the  velocity  of  the  train ;  thus,  on  an  ascending 
gradient  the  speed  of  the  train  diminishes,  but  the  same  effect  is 
automatically  produced  which  results  from  the  turning  on  of  more 
steam  in  the  case  of  the  locomotive  engine.     When  running  on  the 
level,  the  velocity  of  the  train  should  be  such  that  the  magneto- 
electric  machine  should  make  one-half  to  two-thirds  as  many 
revolutions  per  minute  as  the  dynamo-electric.    When  descend, 
ing,  the  speed  of  the  magneto-electric  machine  will  be  increased,  in 
consequence  of  the  increased  velocity  of  the  train,  until  it  exceeds 
ftat  of  the  dynamo-electric  machine,  from  which  moment  the 
functions  of  the  two  machines  will  be  reversed ;  the  machine  on 
the  train  will  become  a  current  generator,  and  pay  back,  as  it  were, 
Its  spare  power  into  store,  performing  at  the  same  time  the  useful 
action  of  a  brake  in  checking  further  increase  in  the  velocity  of 
tte  train.    If  two  trains  should  be  placed  upon  the  samQ  pair  of 
^Is,  the  one  moving  upon  an  ascending  portion,  the  other  upon  a 
descending  portion  of  the  same,  power  will  be  transmitted  through 
«ie  rails  from  the  latter  to  the  former,  which  may  therefore  be 
considered  as  connected  by  means  of  an  invisible  rope. 


I 


The  efibotfi  obtaiz^od  ?nih  djoaim-electric  maduBW.  under 
varying  circumstances  of  load  and  velocity  have  been  very  foil; 
investigated  and  brought  forward  byl^r.  Hopkinson,  F.B.S.,intwo 
papers  read  by  him  recently  before  the  Institution  of  Mechanical 
Engineers,  so  that  it  woij^ld  be  superfluous  for  me  to  dwell  upon 
this  portion  of  the  subject  on  the  present  occasion.  Suffice  it  to 
say,  that  in  transmitting  the  power  of  a  stationary  engine  to  a 
rimning  train,  the  proportion  of  power  actually  transznitted  varies 
with  the  resistance  to,  or  ipeed  of  the  tram,  reaching  practically  a 
maximum  when,  the  velocity,  of  the  machine  on  the  train  is  abouti 
equ^  to  twcthirds  that  of  the  current-generating  machine,  at 
which  time  more  than  fifty  per  c^nt.  of  the  power  of  the  stationary 
engine  is  actually  utilised. 

This  little  railway  has  been  in  operation  daily  for  several 
months,  afiprding  great  amusement  to  the  visitors  at  the  Exhibi- 
tion. :  The  mfkgnetQ-electric  engine  exerts  5  horse-power,  and  it 
travels  at  a  velocity  of  15  to  20  miles  an  hour.  Crowded  traiiu 
left  the  station  eve^  five  or  ten  minutes;  and  the  pennies  paid 
for.  the  privilege  of  a  seat  have  produced  a  considerable  sum  for 
the  benefit  of  chaofitable ,  institutions.  Many  who  were  not  so 
fortunate  as  to  sec^r^J^  $ea^  pn  .the  train  amused  themselves  by 
touching  the  centre  bar  and  one  of  the  two  rails  after  the  train  had 
passed)  when  a  succession  of  electric  discharges  was  distinctly  felt. 

The  success  attending  this  toy  railway  has  given  rise  to  the 
idea  of  useful  applications  upon  a  larger  scale.  An  elevated 
tramway  to  connect  one  end  of  the  city  of  Berlin  with  the  other 
has  been  projected,  but  its  exeoution  has  hitherto  been  delayed  in 
consequence  of  the  objections  raised  by  the  inhabitants  of  the 
streets  through  which  the  tramway  was  to  pass.  These  objections 
would  not  apply,  however,  in  many  cases ;  and  I  have  little  doubt 
that  before  long  we  shall  have  electric  tramways  in  connection 
with  our  mines,  and  for  the  conveyance  of  passengers  along  the 
roads  between  populous  centres. 

In  passing  through  an  adit  or  tunnel,  the  entire  freedom  of 
smoke  fzom  the  electro-motor  is  a  matter  of  great  importance ;  and 
the  administration  of  the  St.  Qothard  Tuzmel  contempla^  seriously 
the  application  of  an  electro-motor  for  conveying  trains  through 
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Lt  gigantic  tunnel  Citcamstances  are  in  this  caae  highly 
lYOurable  to  the  employment  of  an  electro-motor,  because  at 
)th  ends  of  the  ttmnel  turbines  of  enormous  aggregate  power  are 
)taally  eistablished  (having  been  employed  in  the  operattion  of 
>ring  the  tunnel),  and  all  that  hae  to  be  done  is  to  insulate  one  of 
ie  rails,  and  to  connect  dynamo  machines  of  sufficient  power  to 
16  turbines  and  to  the  train  itself. 

* 

Instead  of  the  central  bar,  a  copper  or  other  conducting  rope 
ij  be  used  to  convey  the  current  from  the  dynamo  madiine  to 
retrain.  This  conducting  rope  would  rest  upon  wooden  or  glass 
ij^rts,  to  be  picked  up  by  the  train  in  order  to  pass  over  one  or 
lore  contact  pulleys,  and  to  be  again  deposited  behind  the  train. 
The  central  rail  or  copper  conductor  may,  however,  be  entirely 
dispeni^ed  with  if  the  two  rails  laid  upon  wooden  sleepers  are  con. 
neeted  the  (^e  with  the  positive  and  the  other  with  the  negative : 
pole  (^  the  dynamo  machine.  In  this  case  care  must  be  taken  to' 
itisuUte  the  wheels  on  one  side  of  the  train  from  those  on  the  other, 
an  object  tbkt  can  be  Attained  by  the  adoption  of  wheels  with 
wddden  centres,  and  the  metallic  tires  of  the  wheels  on  the  one 
side  must  be  put  into  metallic  connection  with  the  one  pole,  and 
the  'other  with  the  other  pole  of  the  machine  or  machines  on  the 
train.  Practice  alone  can  determine  which  of  these  modes  of 
ootfstruction  is  the  best,  but' each  can  be  made  efficacious,  and  the 

• 

preference  will  be  due  to  economical  or  structural  ccmsiderations. 

The  l^igth  of  this  paper  has  already  exceeded^  I  fear,  reason, 
able  limits,  or  I  inight  be  tempted  to  enlarge  upon  the  subject  of 
the  electric  transiiodssion  of  power.  Enough  has  been  said,  how. 
ever,  to  illustrate  some  of  the  uses  to  which  this  new  form  of 
energy  may  be  rendered  available  for  the  purposes  of  man. 

(At  the  close  of  the  paper  a  dynamo  machine  was  set  to  work^ 
and  supplied  motive  power  to  a  circular  saw,  which  cut  up  several 

pieces  of  timber  from  two  to  three  inches  square.) 

'.' 

The  Pbesident  :  It  was  said  a  very  long  time  ago  that  *'  Hope 
deferred  maketh  the  heart  sick/'  but  I  am  quite  sure  that  our 
deferred  ^pe  has  not  produced  this  effect.  On  the  other  hand  our 
hearts  have  been  gladdened,  and  the  warm  applause  with  whidi 
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his  paper  lias  beea  received  must  have  caused  an  excitement  in  t 
heart  of  Dr.  Siecaens.     At  least,  let  hb  hope  it  lias, 

On  a  previous  occasion  Dr.  Siemens  referred  to  the  present  ^ 
as  essentially  the  "  electric  age."  We  have  seen  to-night  hi 
electricity  has  been  applied  to  rival  the  sun,  not  only  in  aesisti 
tte  growth  of  plants,  but  in  producing  temperatures  that  we 
supposed  to  be  only  confined  to  the  surface  of  the  sun.  Dr.  Siemn 
has  outrivalled  the  famous  Indian  trick  of  producing  a  plant  beft 
our  eyes,  thus  exceeding  the  dreams  of  any  Arabian  Nights'  worthj 
and,  to  paraphrase  what  was  said  about  another  thing,  he  has  shoi 
that  the  electric  arc  has  a  potentiality  of  power  far  beyond  t 
dreams  of  engineers  and  workars  in  science. 

The  Komans  and  Oreeks  divided  the  history  of  the  world  ii 
s^s.  They  gave  the  name  of  the  golden  age  to  the  timewb 
all  was  supposed  to  be  peace  atid  happiness ;  then  came  the  silvt 
brazen,  and  lastly  the  iron  age,  when  all  was  misery ;  and  tl 
principle  of  dividing  the  world's  history  into  ages  was  based  npo 
the  degeneracy  of  mankind.  But  the  ancients  were  wrong.  We 
have  seen  that  by  the  conquest  of  civilisation  over  barbarism,  and 
by  the  victory  of  science  and  enlightenment  over  ignorance,  tie 
world  has  greatly  improved,  and,  instead  of  calling  the  first  age 
the  golden  age,  it  really  ought  to  be  the  name  of  the  last — in 
point  of  fact,  the  one  that  should  bear  that  name  is  the  presest 
electrical  age  of  Dr.  Siemens, 

In  days  of  old,  power  was  represented  by  the  Greek  sculptors, 
sometimes  by  our  old  friend  Jupiter  throwing  his  thunderbolts  in 
TGuious  directions ;  Vulcan  was  depicted  as  a  man  of  massive  arm 
hammering  upon  red-hot  iron;  speed,  thought,  and  transmissioQ 
of  power  were  shown  by  Mercury ;  and  the  vivi^ing  rays  of  tbt 
sun  were  typified  by  Phcebus  Apollo.  I  would  suggest  that,  if  ibe 
Society  in  its  beneficence  desires  to  add  another  statue  or  bust  to 
adorn  its  library,  and  should  fix  upon  Br.  Siemens  as  their  subject, 
they  should  commission  a  sculptor  to  produce  a  conglomeration  ul' 
all  the  typificatioiis  I  have  enumerated,  with  a  touch  of  Joshua  to 
give  respectability,  as  a  fit  representation  of  our  worthy  Past. 
President,  whose  name  is  so  indelibly  associated  with  the  practical 
applications  of  electricity. 
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It  in  my  pleasure  and  duty  to  propose  a  vote  of  thanks  to 
Dr.  Siemens  for  the  very  able  paper  he  has  given  ns,  and  also  for 
the  verbal  descriptions  of  the  experiments,  and  I  am  sure  he  has 
enabled  us  to  go  away  with  enlarged  knowledge  and  grateful 
thanks  to  him  for  what  he  has  done  for  ua  this  evening. 

Mr.  Latimee  Clabk  :  Except  as  a  matter  of  form  and  custom, 
it  is  quite  unnecessary  for  any  one  to  second  the  vote  of  thanks 
which  has  been  proposed  by  our  President,  I  am  sure  there  can 
be  but  one  desire  in  the  mind  of  each  of  us  present,  and  that  is  to 
return  our  deepest  thanks  to  Dr.  Siemens  for  the  intellectual  treat 
which  he  has  just  given  us. 

Electricity,  a  subject  in  which  we  are  all  so  deeply  interested, 
attracted  general  attention  a  long  time  ago,  and  was  most  dili- 
gently investigated,  but  for  fuUy  a  hundred  years  no  important  use 
was  made  of  it.  By  slow  degrees,  however,  the  electric  telegraph 
came  into  existence,  and  we  all  know  the  giant  proportions  to  which 
this  has  now  attained.  Then  another  long  interval  of  time  elapsed 
without  anything  of  great  practical  importance  being  discovered ; 
but  now  we  seem  again  to  be  on  the  threshold  of  a  whole  galaxy  of 
great  discoveries  and  applications.  We  have  seen  three  of  them 
this  evening.  We  have  been  enabled  to  realise  the  possibility,  or 
rather  the  probability,  that  the  electric  current  may  be  very 
largely  and  economically  used,  not  only  for  the  fusion  of  the  more 
refractory  metals  and  for  chemical  purposes,  but  also  for  large 
metallurgical  operations.  It  is  almost  certain  that  when  the 
sculptor  to  whom  our  President  has  alluded  is  called  upon  to  cast 
the  statue  of  Dr.  Siemens,  be  will  fuse  his  metal  by  the  electric 
current. 

We  have  seen  the  successful  application  of  electricity  to  the 
uses  of  horticulture  and  growth  of  plants.  Every  one  who  knew 
that  chlorophyll  was  formed  by  the  influence  of  the  actinic  rays 
of  light,  and  who  knew  that  those  rays  were  abundantly  formed 
in  the  electric  arc,  must  have  foreseen  that  the  day  would  come 
whan  experiments  of  this  kind  would  be  performed;  but  we  owe 
especial  thanks  to  Dr.  Siemens,  who  possesses  in  such  abundance 
the  appliances  and  facilities  necessary  tor  these  investigations,  for 
the  trouble  and  expense  he  has  taken  in  making  these  experiments. 
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and  in  'bringmg  before  us  such,  interesting  results.  He  baa  proved 
that  the  sleep  of  plants,  which  was  at  one  time  thought  as  essential 
to  them  as  it  ia  to  the  animal  world,  is  not  a  necessity ;  but  that, 
on  the  contrary,  plants  can  grow  on  continuously  and  without  rest, 
increasing  in  health  and  strength.  I  heartily  wish  we  could  do 
the  same. 

The  last  subject  he  has  so  eloquently  brought  under  our  notice 
is  the  transmission  of  power  by  electricity  and  its  numerous  appli- 
cations, and  especially  its  adaptation  to  railway  purposes.  The 
future  importance  of  these  applications,  and  the  extent  of  their 
possible  development,  it  is  difficult  to  over-estimate.  But,  as  I 
have  said,  we  all  feel  that  we  are  on  the  verge  of  many  new  and 
wonderful  applications  of  electricity,  and  that  for  their  introduction 
and  development  the  world  will  always  be  very  largely  indebted 
to  our  emineut  Past- President,  Let  us  then  accord  to  him  oar 
sincere  and  earnest  thanks  for  the  pleasure  he  has  afforded  us  this 
evening,  and  for  the  many  anel,  important  services  he  has  rendered 
to  the  science  of  electricity. 

Dr.  Siemens  :  Mr.  President,  Mr.  L.  Clark,  my  Lords,  and 
gentlemen. — I  do  not  know  bow  to  express  my  heartfelt  thanks 
you  for  the  cordial  manner  in  which  you  have  proposed  and  a 
corded  me  your  thanks.  If  I  have  succeeded  in  bringing  befo 
you  some  experiments  that  will  convince  any  one  who  may  hv 
been  sceptical  or  ignorant  of  the  fact  that  we  are  on  the  verge 
great  achievements  in  a  new  direction,  I  hope  you  will  be  indacf 
to  look  with  interest  on  them  as  having  been  cnrried  out  with  tl 
wish  and  determination  to  aid  each  one  of  you,  as  members  of  ti 
Society,  in  the  great  work  before  you,  be  that  work  for  the  ired 
of  telegraphy  in  all  its  ramifications ;  be  it  in  the  development 
the  application  of  electricity  fof  the  decomposition  of  solutions, ' 
the  deposit  of  metals ;  be  it  for  any  of  those  more  recent  branohf 
some  of  which  I  have  just  had  the  honour  and  pleasure  of  bringiuj 
before  you.  I  hope  my  labour  has  contributed  to  the  result 
convincing  you  that  we  have  not  yet  completed  our  task  as  TelW 
graph  Engineers  and  Electricians,  but  are  rather  at  the  beginni 
of  a  great  career. 
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Be  assured  that  I  am  highly  sensible  of  the  maimer  in  which 
you  have  received  my  commonication. 

The  Peesident:  I  have  three  announcements  to  make,  each 
of  a  different  character. 

Firstly — ^I  call  your  attention  to  the  piece  of  plate  on  the  table. 
It  is  a  testimonial,  intended  for  presentation  by  his  staff,  to  one 
whom  many  of  you  know.  On  the  occasion  of  the  recent  marriage 
of  Mir.  J.  Sivewright,  the  General  Manager  of  Telegraphs  at  the 
Cape,  bis  staff,  to  expresid  the  esteem  in  which  they  held  .their 
chief,  subscribed  together  to  make  him  a  present,  and  commissioned 
me  to  carry  out  their  idea.  The  piece  of  plate  is  the  result.  It 
is  a  work  of  art  wrought  by  Messrs.  Elkington,  in  silver,  from  a 
design  given  to  them  as  being  appropriate,  and  represents  a 
telegraph  pole  surrounded  by  tropical  plants,  supported  1>y  an 
European  and  Caffre  lineman,  and  a  grouping  of  all  the  articles 
requisite  in  the  construction  of  a  line  of  telegraph. 

Secondly — ^I  again  remind  you  that  the  Bonalds'  Catalogue  is 
in  process  of  issue  to  subscribers,  and  the  Librarian  (Mr.  Frost) 
will  receive  names  of  intending  subscribers  after  the  meeting.  It 
is^a  book  that  every  telegraph  engineer  should  possess. 

Thirdly — One  of  our  most  honoured  members,  a  member  of 
otir  Council,  Professor  D.  E.  Hughes,  has  to-day  been  elected  a 
Fellow  of  the  Boyal  Society. 

A  ballot  took  place,  at  which  the  following  were  elected,  and 
the  meeting  adjourned  till  Wednesday  evening,  November  lOtb, 
18&0. 

Ab  AsdodaUa: 
Arthur  Edmimd  Baines. 
James  Brockie. 
F^ri  Lovey. 
John  Alexander  Lund. 
Henry  Upton. 
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THE  PRACTICAL  MANAGEMENT  OF  SIR  WILLIAM 
THOMSON'S  TRAY  BATTERIES. 

By  J.  C.  Cuff,  Associate. 

These  batteries,  which  have  been  declared  the  worst  feature  of 
the  recorder  and  the  bane  of  the  existence  of  those  who  have  to 
attend  to  them,  will  be  found  to  work  in  a  delightfully  Batisfactory 
manner  with  a  little  proper  attention  of  the  simplest  kind.    No 
galvanometer  or  electrical  testing,  as  is  so  frequently  indulged  in, 
is  of  the  slightest  necessity  or  even  use  as  a  part  of  the  regvla/r 
office  routine.     The  batteries  -were  introduced  here  with  a  regular 
system  of  testing,  but  this  was  found  merely  to  show  that  a  few 
celb,  out  of  the  80  or  more  tested,  were  not  up  to  the  mark,     TlM 
examination  that  followed  this  discovery  generally  revealed 
absence   of  sulphate   of  copper   in  the  cell,  a  supply  of  whi 
instantly  restored  it  to  proper  order.     But  if  this  failed, 
merely  because  the  cell  was  short-circuited  internally  by  depoat 
copper.     Then  a  wire  passed   under  the  zinc,  with  its  two 
projecting  out  of  the  cell  and  dragged  backwards  and  forwi 
would  break  away  these  connections  and  make  all  right  again, 
the  badness  of  the  cell  proceeded  from  neither  of  these  causes,  tl 
it  was  simply  old  age, — a  good  old  age  of  twelve  months 
and  the  only  cure  was  to  take  it  down  and  put  it  up  anew.     But 
we  might  know  and  do  all  this  much  quicker  without  the  galvano- 
meter  than  with  it.     The  sundry  other  abnormal  conditions  of  the 
cells  that  might  arise  from  bad  maDagement  I  need  not  refer  ti>. 
now;  for  the  object  of  this  paper  is  merely  to  show  how  tb( 
important  adjuncts  of  the  recorder  can  be  made  to  work  perfecl 
with  the  leaet  amount  of  trouble. 

The  merest  inspection  will  show  us  whether  any  cell  requii 
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Bulpliate  of  copper,  and  thus  tie  first  and  most  frequent  fault  is 
detected.  But  if  we  notice  tiiat  the  liquor  in  any  cell  becomes 
white  much  sooner  than  the  others,  then  the  second  fault  is 
detected  and  can  be  cured  by  dragging.  But  the  cell  must  he 
watched  for  a  few  days  to  see  whether  the  dragging  has  been 
eEFectual,  and  if,  as  rarely  happens,  it  continues  to  get  white  too 
soon,  it  must  be  short-circuited  externally.  The  third  fault  is  also 
easily  detected  under  the  system  followed  out  iu  Singapore,  etc., 
because  the  piles  of  cells  continue  in  good  order  for  twelve  months 
or  more  until  they  collapse. 

The  greatest  part  of  the  trouble  in  connection  with  the  recorder 
formerly  being  that  of  keeping  the  batteries  in  order,  they  should 
be  arranged  in  as  convenient  a  way  as  possible.  Now,  if  the 
lowest  cell  be  only  4  or  5  inches  from  the  ground,  it  is  awkward  to 
stoop  down  to  attend  lo  it  properly  ;  therefore,  it  is  better  to  have 
a  stand  made  about  18  inches  high,  28  inches  wide,  and  as  long  as 
the  apace  will  permit,  or  as  the  batteries  to  be  accommodated  may 
require,  allowing  28  inches  in  length  along  this  stand  for  each  pile 
of  the  cells  whose  zinc  plates  are  16  inches  square,  which  is  the 
usual  size.  Above  the  battery  stands  are  iron  rods,  on  which  slide 
stout  curtains  to  keep  out  the  dust  and  to  prevent  evaporation.  In 
our  battery  room  are  three  such  stands  16  feet  long,  to  take  seven 
piles  each.  Oq  these  stands  are  fixed  2i.inch  cubes  nf  wood  iu 
proper  positions  for.  the  comers  of  the  trays  to  rest.  Above  each 
wooden  cube  is  put  a  2'5-iQch  square  piece  of  vulcanite,  and  above 
that  a  piece  of  thin  copper  5  inches  square,  with  its  sides  bent 
slanting  downwards — ^just  like  the  old  gntta  percha  umbrellas 
which  would  not  stand  the  climate  and  have  therefore  given  way 
to  this  much  better  form  of  insulator.  The  copper  umbrellas  are 
dipped  in  paraffin  wax,  to  prevent  crystals,  etc.,  adhering,  and 
their  object  is  to  keep  the  vulcanite  dry  and  clean.  Above  these 
insulators  the  piles  are  erected :  six  cells  in  the  first  pile ;  in  the 
second  jsle  four  cells,  and  then  four  of  these  wood- vulcanite- copper 
insulators,  one  on  each  of  the  four  comers  of  the  fourth  zinc,  and 
above  these  two  more  cells  complete  the  pile.  The  third  pile  has 
six  cells,  the  fourth  is  divided  into  four  cells  and  two  cells,  and 
so  OQ  alternately. 
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This  regular  division  of  the  batteries  into  two,  foux,  and  di 
cells  is  very  convenient,  because  when  the  mouBemilU  are  it 
their  best  adjustment  and  the  batteries  as  well,  then  four  cells 
are  ample,  but  usually  six  cells  are  required,  and  sometimes  it  ii 
necessary  to  add  two  more  for  our  work. 

From  each  of  these  sets  of  cells  a  pair  of  electrodes  is  led  awaj 
to  a  terminal  box  in  the  instrument -room,  and  in  juxtaposition  to 
these  battery  terminals  are  others  from  which  wires  are  led  awaj 
to  the  several  recorders.  Thus  there  are  sixty  terminals  for  the 
batteries  and  twenty-four  for  the  six  recorders ;  being  two  for  the 
signal  coil  electro- magnets,  and  two  for  the  mouaemill  of  eadi 
instrument.  This  terminal  box  is  of  considerable  advantage  in  Uie 
working  of  the  recorder,  not  only  because  it  prevents  all  that 
distressing  confusion  which  those  who  had  charge  used  to  get  into, 
in  tracing  out  where  the  wires  went,  but  also  because  it  so  greatly 
facilitates  any  changes  in  the  arrangement  of  the  batteriea.  A 
peculiar  instance  of  this  convenience  is  the  following.  An  occasion 
sometimes  arises  when,  through  cells  being  in  process  ol  renewid, 
or  of  removal,  or  a  greater  demand  than  usual,  it  is  very  advan. 
tageous,  just  for  the  emergency,  to  join  up  the  same  set  of  batteries 
on  two  or  three  recorders.  On  account  of  the  very  low  reaistanca 
of  the  battery,  very  nearly  the  same  strength  of  current  is  got  in 
each  of  the  two  or  three  instruments,  thus  joined  up  to  the  same 
battery  in  multiple  arc,  as  was  previously  got  in  one  only. 

The  resistance  of  the  large  electro-magnets  being  about  16 

ohms,  the  resistance  of  the  twenty-tray  cells  used  thereon  being 

about  2  ohms,  and  calling  the  E.M.F.  20 

u        n         E  20        1  , 

wehaveQ=^^=^-^=l-l 

whilst  in  the  second  case,  with  2  recorders  in  multiple  arc  on  sbdh 
battery,  we  have  only  8  ohms  external  resistance,  which  gives 
E     _  20  _ 
E-fR     2  +  8 
as  the  strength  of  current  going  out  from  the  battery,  which,  being 
halved  in  each  instrument,  gives  us  a  working  strength  of  current 
equal  to  1  as  against  11  in  the  former  instance. 

It  is  better  to  couple  two  mousemilla  or  two  pairs  of  the  large 
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dectro-magnets  than  to  put  the  large  electro-magnets  and  the 
mousemill  of  one  recorder  on  the  same  battery.  In  the  latter  case, 
if  more  than  six  cells  be  used,  it  will  be  necessary  to  insert  resist, 
ance  in  the  mousemill  circuit  of  50  ohms  or  so,  which  can  be 
adjusted  to  make  the  mousemill  go  at  any  speed  deaired.  The 
great  control  thus  obtained  over  the  speed  of  the  mousemill  makeB 
it  a  very  favourite  arrangement ;  but  it  was  found  liable  to  be 
sadly  abused,  it  being  so  easy  to  insert  a  few  plugs  so  as  to  cut 
out  resistance  and  make  the  mill  go  faster,  that  this  was  constantly 
done  instead  of  cleaning  and  adjusting  the  contact  breaker  at  the 
back. 

Two  other  very  nice  arrangements  of  the  recorder  were  found 
in  practice  to  be  so  often  abused  that  we  bad  to  abandon  them, 
viz.,  the  spring  marked  Y„  and  the  terminal  marked  Uj  oa 
page  188  of  Vol.  V.  of  this  Society's  Journal.  The  former  puts  the 
large  electro -magnets  in  multiple  arc,  so  that  the  resistance  is 
reduced  from  16  ohms  to  4,  and  thus  the  supply  of  sulphate  of 
copper  in  the  batteries,  which  should  have  lasted  for  two  days, 
was  used  up  in  half-a-day,  and  much  trouble  was  frequently  the 
result.  But  the  great  objection  to  all  these  multiple  arc  arrange- 
meuta  ia  the  bad  pulverulent  deposit  that  occurs  in  the  ceils  when 
they  are  working  through  too  low  an  external  resistance.  To 
prevent  this,  prohibition  and  instruction  availed  nothing,  and  we 
bad  to  remove  the  offending  spring  altogether.  After  this,  the 
time  the  batteries  would  work  without  requiring  more  sulphate  of 
copper  became  definite  and  much  more  satisfactory. 

The  intermediate  terminal  TJi  we  no  longer  join  up,  because  it 
either  involves  the  use  of  an  additional  wire  or  the  fork  from  one 
of  the  mousemill  wires,  which,  though  simple  enough,  seems  to  be 
considered  a  very  confusing  arrangement,  and  in  return  for  which 
we  only  get,  in  practice,  ihe  ability  to  put  less  power  on  the 
electro. magnets,  because  the  men  using  the  instrument  will 
always  persist  in  putting  the  switch  on  full,  in  order  to  have  the 
signals  yet  more  clear  if  possible. 

Returning  to  the  subject  of  setting  up  the  tray  batteries,  the 
directions  given  on  page  194  of  Vol.  V,  involve  much  unnecessary 
trouble.     Thus,  if  the  batteries  be  attended  to  in  the  simple  way 
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now  indicated,  it  will  be  found  that  the  parchment  paper  is 
than  useless.  The  zinc  gratings  will  be  found  to  keep  hard  ani 
clean  to  the  end  of  the  twelve  months  or  bo,  and  there  will  be  no 
dirt  falling  away  from  them  for  the  paper  to  arrest,  as  formerly. 
On  the  other  hand,  the  paper  facilitates  the  formation  of  threads 
of  copper,  which  short-circuit  the  cell  internally.  In  dragging  i 
wire  across  to  rupture  these  connections  in,  the  way  before 
described,  the  paper  is  torn  to  bits,  and  its  further  oselessnesi 
evident.  Again,  it  is  quite  unnecessary  to  yamish  the  under- 
Eurface  of  the  thin  copper  plate. 

The  strip  of  copper  which  is  soldered  to  the  bottom  of  each 
tray  is  to  he  cleaned  bright  after  the  varnish  has  set  bard  and 
then  to  be  threaded  through  two  slits  made  in  the  thin  sheet  of 
copper  with  a  penknife,  after  which  all  is  to  be  rubbed  smooUi 
with  a  stoneware  block.  This  connection  will  be  found  easier, 
neater,  and  more  reliable. 

The  stout  copper  wire  which  is  soldered  on  the  comer  of  each 
tray  is  made  about  4  inches  long,  and  soldered  on  by  its  middle. 
This  is  no  more  trouble,  and  gives  two  ends  to  make  connection, 
instead  of  one,  which  is  often  veiy  convenient. 

The  stand,  with  its  wood-vulcanite- copper  insulators,  being 
arranged  as  before  described,  the  first  tray  is  placed  in  poaitiMi 
thereon,  and  levelled  with  a  common  spirit-level  attached  to,  or, 
still  better,  let  into,  a  bar  of  wood  16  inches  long.  This  is  better 
in  general  than  pouring  in  water,  because  the  piles  are  usually 
put  up  in  readiness  some  time  before  they  are  required,  and  they 
keep  in  better  order  if  they  are  left  quite  dry  until  the  day  it  is 
desired  to  start  them.  The  firs1;  tray  and  the  first  zinc  are  levelled, 
after  which  the  zincs  ouly  are  levelled,  by  inserting  thin  scraps  of 
wood  (cut  the  size  and  split  for  the  purpose)  under  the  comers  as 
required.  The  trays  will  come  quite  right  in  this  way,  and  it 
will  be  done  quicker.  No  bits  of  wood  should  be  put  under  the 
trays,  because  each  of  these  should  make  good  clean  contact  with 
the  zinc  beneath.  Also  observe  that  the  grooves  under  the  trays 
and  the  zincs  are  all  facing  in  that  way  and  direction  which  is  the 
most  convenient  for  inserting  tlie  funnel  for  filling  them. 

The  piles  should  thus  be  put  up  dry  and  kept  dry  until  they 
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are  wanted,  when  they  should  be  filled  up  with  a  clear  white 
solution  of  sulphate  of  zinc,  about  one-quarter  saturated,  or  24  on 
Twaddell's  scale.  Then  half-a-pound  of  sulphate  of  copper  is  put 
into  each  trdy,  distributed  round  the  four  sides,  and  the  battery 
at  once  joined  up  to  a  circuit  of  about  2  or  3  ohms  per  cell,  and 
left  working  undisturbed  for  at  least  24  hours,  in  order  that 
a  good  firm  deposit  of  copper  may  be  thrown  down.  K  care  is 
taken  in  starting  the  batteries,  they  are  so  much  more  likely  to 
work  well ;  whereas  if  they  are  set  going  on  short-circuit  or  through 
too  low  a  resistance  for  the  number  of  cells,  the  deposit  in  the 
battery  will  be  of  a  dirty  pulverulent  fonn. 

A  portion  of  the  liquor  drawn  off  from  the  old  cells  is  preserved 
in  some  large  stoneware  jars  which  contain  about  40  gallons  each. 
Scraps  of  old  zinc  are  kept  suspended  in  these  to  precipitate  the 
copper  if  the  liquor  be  at  all  blue.  When  it  has  become  quite 
colourless  it  is  ready  for  use,  after  being  diluted  with  water  to  the 
required  density.  In  the  case  of  starting  these  batteries  at  a 
station  for  the  fii'st  time,  where  there  is  no  old  liquor  and  no 
sulphate  of  zinc  to  mix  up,  it  will  be  better  to  sift  the  dust  out  of 
the  sulphate  of  copper  from  the  larger  crystals,  and  dissolve  it  in 
water,  when  the  sulphate  of  zinc  solution  may  be  produced  by 
suspending  any  scrai)s  of  old  zinc  and  stirring  occasionally.  This 
same  solution  is  the  best  for  stajrting  Minotto  cells,  because  they 
are  then  ready  for  use  at  once  without  requiring  the  usual 
destructive  short-circuiting  and  delay. 

The  batteries  having  been  started  properly,  the  two  chief 
things  required  to  keep  them  going  well  are,  to  supply  them 
regularly  with  half.a-pound  of  sulphate  of  copper  as  often  as  the 
liquor  gets  of  a  faint  blue  colour,  and  once-a-week  regularly  to 
draw  off  a  portion  of  the  liquor  and  dilute  it  to  the  proper  density. 
The  large  crystals  of  sulphate  of  copper  must  be  broken  smaller, 
the  dust  must  be  sifted  out  of  it,  and  a  definite  quantity  always 
weighed  for  each  cell, — about  half-a-pound  is  most  convenient, — 
but  on  no  account  should  a  fresh  supply  be  put  in  until  the  old  be 
nearly  exhausted. 

Regularly  every  Saturday  >d  by 

the  hydrometer  and  then  di^  s  is 
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most  easily  accom{)li8hed  by  the  use  of  the  following  table,  wMdi 
shows  the  exact  amount  to  remove  and  replace  by  clean  water  for 
any  reading  on  the  hydrometer. 

Each  tray  cell,  22.inch,  contains  26  lbs.  of  water,  2*6  galloiis, 
or  20*8  pints.  The  G.  P.  Minotto  cell  used  as  measure  contaiDfi 
28  fluid  oz.,  or  1*4  pint.  Column  2  is  from  '*  Storer*s  Dictionaiy  of 
Solubilities."  From  these  data  the  following  table  is  constrticted, 
in  which — 

Column  1  shows  the  hydrometer  reading, 

2  the  percentage  of  sulphate  of  zinc  in  solution, 

3  amount  of  sulphate  of  zinc  in  each  tray, 

4  surplus  sulphate  of  zinc, 

5  amount  of  liquor  to  be  removed  and  replaced  by 
clean  water, 

6  the  same  as  column  5,  but  the  figures  reduced  to 
suit  the  Minotto  cell,  whidi  is  used  as  measure. 


»9 


99 


99 


99 


91 


1 

2 

3 

4 

5 

6 

P.C. 

LB8. 

LB8. 

PINTS. 

24 

20-00 

5-2 

0 

0 

0 

26 

21-43 

5-6 

-4 

1-6 

1-1 

28 

22-86 

5-9 

•7 

2-5 

1-8 

30 

24-29 

6*3 

11 

3-6 

26 

32 

25-57 

6-6 

1-4 

4-4 

31 

34 

27-14 

7-1 

1-8 

5-3 

3-8 

36 

28  57 

7-4 

2-2 

6-2 

4-4 

88 

30-00 

7-8 

2-6 

6-9 

4-9 

40 

31-57 

8-2 

3-0 

7-6 

5-4 

42 

32-71 

8-5 

3-3 

8-1 

5-8 

44 

,  .  34-20 

8-9 

37 

8-6 

6-2 

46 

35-57 

9-3 

4-1 

9-2 

6-6 

48 

37-14 

9-7 

4-5 

9*6 

70 

In  practice,  only  the  first  and  last  columns  are  writtto  on  a 
piece  of  stout  cardboard.  This  the  battery<.man  refers  to  eveiy 
time,  until  after  a  while  he  remembers  it  accurately^  and  is  there- 
fore able  to  dispense  with  the  written  table. 

This  table  will  be  found  to  give  exact  results,  provided  the 
following  precautions  are  observed :— »- 
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:.  1st.  Pour  clean  water  over  the  zincs,  until  the  level  is  about 
a  quarter-of-an-inch  above  the  grating,  before  testing  for  specific 
gravity. 

2nd.  Always  keep  the  end  of  the  siphon  at  the  same  level  in 
the  liquor,  just  below  the  zinc.  This  is  ensured  by  using  the 
siphon  with  gauge  attached,  which  must  be  provided  for  the 
purpose. 

3rd.  Draw  off  some  of  the  liquor  in  this  way,  and  test  its 
specific  gravity.  Then  draw  off  the  quantity  indicated  in  the  table 
opposite  to  the  hydrometer  reading,  and  pour  in  the  same  amount 
of  clean  water  over  the  zinc.  More  than  two  Q.P.  measures  should 
not  be  removed  at  once,  or  the  level  will  be  too  much  lowered. 
The  same  amount  of  pure  water  being  replaced,  some  more  may  be 
drawn  off  from  the  cell  tmtil  the  total  amount  so  drawn  off,  in- 
cluding that  used  for  testing  the  specific  gravity,  shall  be  equal  to 
that  indicated  in  the  table. 

The  specific  gravity  of  the  liquor  in  the  cell  at  that  level  will 
be  found  to  equal  24  on  the  hydrometer  scale.  This  scale,  known 
as  Twaddell's,  does  not  give  the  specific  gravity  direct.  This,  how- 
ever,  may  be  at  once  read  off  by  dividing  the  scale  reading  by  200, 
and  adding  1  to  the  quotient.  Thus  24  scale  reading,  divided  by 
200,  gives  0*12.  To  this  add  1,  and  we  get  1*12  as  the^specific 
gravity  when  water  is  taken  as  imily. 

SIPHON 


FUNNEL 


Two  articles  of  considerable  utility  in  managing  the  batteries 
are  the  funnel  and  the  siphon.    The  former  is  made  of  tin  or 
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copper,  with  the  lower  portion  of  the  tube  at  right  angles  to  the 
upper,  and  flattened  at  the  end.  Thus  it  can  be  inserted  horizon, 
tally  above  the  zinc,  and  disturb  the  liquor  as  little  as  possible. 
This  object  may  be  still  further  attained  by  soldering  a  fan-shaped 
flat  piece  of  metal  under  the  nozzle  horizontally,  and  projecting 
from  it  about  five  inches. 

The  siphon  used  is  very  simple  and  most  convenient.  A  piece 
of  I  compo.  gas  pipe,  about  10  inches  long,  is  bent  into  a  siphon 
shape  by  a  gentle  curve,  with  oue  one  arm  much  longer  than  the 
other.  To  the  end  of  the  short  arm  is  soldered  a  square  loop  of 
wire,  bent  into  an  I—  shape,  so  that  it  can  hook  under  the  zinc,  and 
always  draw  off  the  liquor  from  a  definite  stratum.  To  the  other 
end  is  attached  a  piece  of  india  rubber  tubing  about  four  inches 
long,  and  this,  in  its  turn,  to  another  straight  piece  of  compo.  pipe. 
To  the  end  of  this  pipe  is  soldered  a  loop  of  wire,  which  can  he 
slipped  on  to  a  catch,  which  is  soldered  on  the  first-mentioned 
piece  of  compo.  pipe,  near  the  top  of  the  straight  portion  of  its 
long  arm.  The  india  rubber  forms  a  hinge,  and  thus  the  short 
piece  of  pipe  being  either  hooked  up  or  let  down,  acts  as  a  tap. 
This  siphon  being  once  charged,  it  can  be  moved  from  cell  to  cell, 
and  the  liquor  flows  whenever  required,  without  its  havingr  to  be 
recharged,  drawn,  or  held  continually.  The  sketch  will  make 
clear  the  construction  of  these  two  simple  but  most  convenient  and 
important  articles. 

When  the  batteries  have  been  working  for  about  twelve  months, 
the  piles  subside  somewhat  and  lean  over  a  little.  They  must  then 
be  taken  down,  and,  if  they  have  been  kept  carefully,  there  will  be 
very  little  loose  dirt  found  therein.  The  zinc  gratings  will  be 
compact,  and  of  the  original  shape  and  size,  but  very  brittle,  like 
soft  slate  pencil,  with  a  thin  vein  of  zinc  in  the  centre,  less  than 
the  tenth  of  an  inch  in  diameter. 

If  the  trays  are  turned  upside  down,  one  edge  raised  about  six 
inches  and  let  drop,  the  copper,  not  having  been  varnished,  will 
easily  detach  itself  from  the  tray,  and  can  be  removed  in  a  solid 
slab  of  valuable  metal,  weighing  about  20  or  30  lbs.  All  this 
deposit  should  be  preserved  and  sold,  and  thereby  a  considerable 
diminution  effected  in  the  expense  of  maintaining  these  batteries. 

SiNOAFOSB,  3Ut  March,  1880. 
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KuKSACHEE,  2ith  April,  1880. 

Fo  ffie  Secretary  of  the  Society  of 

Telegraph  Ungineers,  London. 

Sir, — ^In  August  last  I  forwarded  to  the  Society  an  account  of 
some  remarkable  phosphorescence  in  the  Persian  Gulf,  witnessed 
by  me  on  the  15th  May.  My  attention  has  since  been  called  to  a 
letter  from  Commander  Pringle  of  H. M.S.  Vulture,  which  appeared 
in  •*  Nature,"  page  291,  July  24th,  a  copy  of  which  I  enclose  for 
your  information. 

The  independent  testimony  of  an  observer  who  witnessed  the 
same  phenomenon  at  the  same  time,  but  at  a  distance  of  180  miles 
to  the  west  of  where  it  was  seen  by  myself  and  others,  on  board  the 
ATnbermitch  on  the  15th  May,  is  so  important  that  I  think  it  is 
well  worthy  of  record  in  the  Journal  of  the  Society. 

Heney  C.  Mange. 

(From  "  Nature,"  July  24,  1879.) 

BEPOET  OF  AN  UNUSUAL  PHENOMENON  OBSERVED 

AT  SEA. 

The  following  Beport  to  the  Admiralty  has  been  communi. 
Gated  to  us  for  publication  by  Capt.  Evans,  C.B.,  F.R.S.,  the 
Hydrographer  to  the  Navy : — 

"H.M.S.  Vultwre,  Bahmsin,  May  17, 1879. 

**  SlE, — I  have  the  honour  to  inform  you  that,  at  about  9.40 
p.m.  on  May  15th,  when  in  lat.  26°  26'  N.  and  long.  53°  11'  K,  a 
clear,  unclouded,  starlight  night,  Arcturus  being  within  some  7°  of 
zenith,  and  Yenus  about  to  set;  wind  north-west,  force  3,  sea 
smooth,  with  slight  swell  from  the  same  direction ;  ship  on  star- 
board tack,  heading  west-south-west  and  going  three  knots,  an 
uniisual  phenomenon  was  seen  from  the  vessel. 

**  I  noticed  luminous  waves  or  pulsations  in  the  water,  moving  at 
great  speed  and  passing  under  the  ship  from  the  south-south-west. 
On  looking  towards  the  east,  the  appearance  was  that  of  a  revolving 
wheel  with  centre  on  that  bearing,  and  whose  spokes  were  illumi. 
nated,  and  looking  towards  the  west  a  similar  wheel  appeared  to 
be  revolving,  but  in  the  opposite  direction.  I  then  went  to  the 
mizen  top  (fifty  feet  above  water)  with  the  first  lieutenant,  and  saw 
that  the  luminous  waves  or*pulsations  were  really  travelling  parallel 
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to  each  other,  and  that  their  apparently  rotatory  motion,  as  seen 
from  the  deck>  was  caused  by  their  high  speed  and  the  greater 
angular  motion  of  the  nearer  than  the  more  remote  part  of  the 
wayes.  The  light  of  these  waves  looked  homogeneous,  and  lighter, 
but  not  so  sparkling,  as  phosphorescent  appearances  at  sea  usuaUy 
are,  and  extended  from  the  surfa.ce  well  under  water ;  they  lit  up 
the  white  bottoms  of  the  quarter-boats  in  passing.  I  judged  them 
to  be  twenty  ^five  feet  broad,  with  dark  intervals  of  about  seventy- 
five  between  each,  or  100  from  crest  to  crest,  and  their  period  was 
seventy.four  to  seventy-five  per  minute,  giving  a  speed  roughly  of 
eighty -four  English  miles  an  hour. 

^'  From  this  height  of  fifty  feet,  looking  with  or  against  theii 
direction,  I  could  only  distinguish  six  or  seven  waves ;  but,  looking 
along  them  as  they  passed  under  the  ship,  the  luminosity  showed 
much  further. 

'^  The  phenomenon  was  beautiful  and  striking,  commencing  at 
about  6h.  3m.  Greenwich  mean  time,  and  lasting  some  thiity-five 
minutes.  The  direction  from  which  the  luminous  waves  travelled 
changed  from  south.south.west  by  degrees  to  south-east  and  to  east 
During  the  last  five  minutes  concentric  waves  appeared  to  emanate 
from  a  spot  about  200  yards  east,  and  these  meeting  the  parallel 
waves  from  south-east  did  not  cross,  but  appeared  to  obliterate 
each  other  at  the  moving  point  of  contact,  and  approached  the  ship, 
inclosing  an  angle  about  90^.  Soundings  were  taken  in  twenty- 
nine  fathoms ;  Stifle's  Bank,  with  fifteen  to  twenty  fathoms,  being 
west  about  one  mile.  The  barometer  was  already  at  29*25  from  8 
to  12  p.m. 

At  8  p.m.        10.15  p,m.       Midniglit 

Temperature  of  air        ...  84      ...      83      ...      83 
Temperature  of  sea- water  84      ...      82      ...      82 

"  I  observed  no  kind  of  change  in  the  wind,  the  swell,  or  in  any 
part  of  the  heavens,  nor  were  the  compasses  disturbed.  A  bucket 
of  water  was  drawn,  but  was  unfortunately  capsized  before  day- 
light. The  ship  passed  through  oily-looking  fish  spawn  on  the 
evening  of  the  15th  and  the  morning  of  the  16th  inst.— I  have  the 
honour  to  be,  Sir,  your  obedient  servant, 

"  J.  Eliot  Peinglb,  Commander." 
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SlE, — The  satisfactory  accounts  given  by  Professor  Hughes  and 
Mr,  Kempe  of  iroo-zinc  cells  led  to  some  twenty  or  more  being  put 
up  here  to  work  an  electro-magnet  Finding,  however,  that  tlie 
current  produced  by  them  fell  off  considerably,  I  was  led  to  make 
the  following  experiments  with  different  strengths  of  acid.  Li 
each  cell  the  iron  and  zinc  plates  bad  82  square  inches  of 
immersed  surface  opposed  to  one  another.  They  were  separated 
by  IJ  inches  of  liquid,  and  kept  in  their  places  rigidly  by  paraffined 
glass.     The  solutions  employed  were  respectively — 

1  of  sulphuric  acid  with  30  of  water,  by  volume,  sp.  gr.  1'04 
1  „  „  20  „  „  1-05 

1  ,,  „  10  „  „  108 

I  „  „  5  „  „  — 

The  electro- motive  force  of  the  cells  was  measured  first  with 
an  electrometer  and  then  with  a  tangent  galvanometer,  the  re- 
sistance only  with  the  latter.  With  the  electrometer  testa  a 
Daniell  cell  was  employed  as  a  standard,  and  its  electro-motive 
force  taken  as  unity. 


Date  iseo. 
Cditdriok  of  ClLU. 

Elioixo»iotivb  Fobci. 

[KiiiH^LRuniaoi 

in  Oh-. 

O^llB. 

Celli. 

CaUs. 

ItcU 

!«.» 

Itolo 

- 

'■"» 

I  tow 

1  toSO 

ItoH 

.to  I. 

June  Ifith.— JuBt  put  np 

01 

045 

0-47 

0'54 

0'S2 

0'56 

0-3 

0-36 

0-38 

After  all  three  hod  been 
joiiied  up  in  eeriea  for 
Ih.  20m.  througli  a,  le- 
■iHtanoe  of  10  ohms  ... 

0-47 

0-43 

0-17 

0-51 

0'66 

0'57 

1-3 

0'26 

« 

June    17tJi.  —  After   all 
three  had  been  joined 
np  in   series  for   ITh. 

10  ohms.     

0- 

0-16 

0-5 

001 

0-27 

0-53 

.. 

a '85 

166 

Jntie  IStli.  — After  Mh. 
real        

0'02 

016 

0-35 

003 

0'38 

0-12 

1-85 

3'8S 

i51 

laON-Zmc  CELLH. 


DBta  1889. 

EucmOMoimi  FWK*. 

[mnuu.  ButuoJ 

InObDu. 

Oolls. 

OelH. 

CeU>. 

iu.iu 

.tp5 

ItolO 

liOS 

.to.0 

,.„. 

Jana  IStb.— Just  put  up 

0'43 

0-43 

0-B6 

0-6B 

0-51 

0-51 

June    ISth.  — After   the 
two  had  been  joiued  up 
in  series  for  Ih.  30m. 
through  a  resistance  al 
lOohoiB        

0'46 

0-45 

0-56 

O'SS 

0-31 

C'4 

June     IBth.— After    the 
two   had  been   joined 
up  in   aeries  tor   4Sh. 
through  B.  reaiatance  of 
lOohmi       

0- 

03E 

0-01 

0'5S 

SaAt- 

2-85 

After  aeyeral  daya'  rest 

... 

... 

... 

abou 

"° 

With  the  weak  acid,  then,  the  iroD-zinc  cell  soon  runs  down  ao 
aa  to  have  no  electro-motive  force  at  all,  and  with  the  strong  acid 
the  re.sistance  increases  so  much  as  to  mach  enfeeble  the  current 
if  the  external  resistance  be  at  all  small.  The  iron-zinc  cell  is 
therefore  unsuitable  for  sending  a  constant  current  through  a  small 
external  resistance.  Some  experiments  were  then  made  as  to  the 
efiect  of  heating  the  iron  plate,  and  it  was  found  that  the  current 
sent  through  a  small  external  resistance  by  a  cell  that  had  been 
in  use  for  some  days  could  be  doubled  by  washing  the  iron  plate. 
In  fact,  merely  taking  out  the  iron  plate  and  exposing  it  to  the  air 
much  increased  the  deflection. 

To  compare  the  behaviour  of  these  cells  with  that  of  Daoiell's 
cells  similarly  treated,  four  Darnell's  cells  were  prepared.  In  all 
the  copper  sulphate  solution  was  saturated,  while  in  two  the  dilute 
sulphuric  acid  was  in  the  proportion  of  1  of  acid  to  20  of  water  by 
volume,  while  in  Ihe  other  two  it  was  respectively  in  the  proportion 
of  1  to  10  and  1  to  5.  The  well-known  constancy  of  the  Daniell 
cell  came  out  prominently,  for,  on  joining  the  four  cells  in  series 
and  causing  them  to  send  a  current  through  10  ohms  foe 
Ih.  20m.  on  the  29th  June,  again  for  5h.  30m,  on  the  3(Jtb,  and 
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lastly  for  20h.  between  the  30th  and  the  1st  July,  the  internal 
resistances,  which  were  respectively  0*96,  1'33,  0-6,  1-08  ohms 
soon  after  the  cells  were  put  up  on  the  29th  had  become  1*65, 
1"37,  1'16,  0*73,  on  the  1st  July,  the.  electro-motive  forces  in  the 
case  of  the  first  three  cells  had  apparently  even  slightly  increased, 
and  in  the  fourth  remained  almost  constant.  The  last  Daniell  cell, 
in  which  the  dilute  acid  was  in  the  proportion  of  1  to  5,  gave  the 
best  results,  and  was  far  more  constant  and  effective  than  any  of 
the  iron-zinc  cells. — I  remain,  &c., 

F.  J.  MUDFOED. 
The  Physical  Laboratory, 

City  and  Guilds  of  London  Institute, 

Cowper  Street. 
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—THE  MEASUREMENT  OF  BATTERY  BESISTAKCES. 
(Electrotschnisclie  ZaiUchrift,  H.  IF.,  April,  ISSO,  pp.  134-5.) 
In  determinrng  the  proper  arrangemenU  to  give  to  any  battery, -vrarequin 
to  knoH'  merely  the  ratio  of  the  reaistance  of  eacli  c«ll  tu  that  of  the  external 
resiBtance,  iuilepeiKleiitly  of  their  actual  resistances ;  for  if  there  are  ■  celle  iu 
series  and  m  in  multiple  circuit,  if  b  is  th«  internal  resistance  of  each  of  Vke 
n  cells  and  a  is  tLe  external  resistance,  then  m  and  i  ought  (as  is  well  known) 
to  satisfy  the  eqaationa 

and  can  therefore  at  once  be  found  if  —  is  known.  To  ascertain  this  ratio,  join 
up  the  battery  with  (n — 1)  cells  in  series  and  the  n'th  cell  opposed  to  these,  aa 
that  the  electromotive  force  of  the  arrangement  is  that  of  (71 — 1)  cells.  With 
this  battery  send  a  current  through  the  given  external  resistance  a,  and  fiii<l 
by  experiment  a  point  P  in  the  bSitterj,  such  that  if  it  is  joined  through  1 
galvanometer  to  the  extreme  end  of  the  battery  B  on  that  aide  in  which  the 
single  cell  has  been  placed,  no  current  flows.     When  such  a  point  in  the 


battary  has  been  found,  let  there  be  p  celis  ii 
between  A  and  P,  then  it  can  he  shown  that 

i,   _    n-(j-f 


other  side  of  the  battery,  oi 


It,  however,  we  cannot  find  any  point  P  giving  no  current  through  tlie 
galvanometer,  we  must  find  two  a.t!jacent  binding  screws  in  the  battery  at 
which  we  get  pins  and  minus  currents,  then  the  above  e.'cpreMion  gives  two 
limits  for  the  value  of — .      The  author  givei 


B  of  vbioli  Is  liinited  I 


Barll^  not  lew  t&an 


i^  bowevcr,  the  method  can  Im  supplemented  by  the  use  of  a  rbeoatot 
box,  then  a  more  accurate  answer  is  easily  obtainable. 


■  '  ZBLLI— THE  XJNDERGEOTJITO  TELBaEAPH  IN  VIENNA. 

"  ■  (EledrotechnUcke  Zeittohrift,  S.  IT.,  Aptil,  1880,  Jfp.  135-142.) 

The  cable,  maile  by  Meears,  Eattier  &  Co.  of  Paris,  consisia  of  a  strand  of 
seven  copper  wires  06  lum.  in  diameter,  anrrounded  by  a  gutta  percha  covering 
5  mm.  estemal  diameter,  with  a  coating  of  tarred  cotton-wool  yarn,  Se^en 
of  these  cores  form  one  cable,  and  protected  with — 1st,  a  tarred  woollen 
ribbon ;  2iid,  a  tarred  hemp  covering,  dipped  previously  in  a  solution  of 
snlphate  of  copper;  3ril,  a  second  tarred  woollen  ribbon.  Each  core  has  a 
conductivity  from  91  to  98  per  cent,  of  that  of  pure  copper,  an  insulation  from 
1100  ta  3000  megolims  per  kilometre  at  20'  C,  and  a  capacity  0'21  to  0'2S 
microfarads  per  kilometre.  Tlie  weight  of  each  core  is,  according  to  the 
contract,  within  5  per  cent,  of  390  kilometres  per  kilometre.  The  tar  was 
quite  free  from  acid,  but  the  hemp  covering  was  slightly  acid  from  being 
dipped  in  the  copper  sulphate  solution.  The  cable  was  made  in  lengths  of 
600  metres,  and  laid  at  a  iiepth  of  I'S  metres  in  a  box  of  red  larch-wood, 
several  snch  cables  being  stretched  in  the  "bos,  and  separated  from  one  anotlier 
by  a  mixture  of  one  part  of  Beocsimtr  cement  and  two  parts  of  sand.  Where 
the  cable  crossed  tlie  Franzensketten  bridge,  the  wires,  to  avoid  damage  from 
the  vibration,  were  not  stretched  tight,  but  laid  simply  in  a  layer  of  sifted 
coat  ashes  placed  in  the  box:. 

A  channel  0*8  m.  wide  and  about  14  m.  deep  was  dug  for  the  wires  to  lie 
in,  and  the  bottom  made  quite  smooth;  the  depth,  1'4  m.,  being  always 
followed  except  when  gas  pipes,  &c.,  had  to  be  avoided.  The  boxes  in  which 
the  wires  were  laid  were  from  8  to  S  m.  long. 

The  cable,  containing  seven  distinct  oonductj^rs,  cost  about  £112  per 
kilometre,  and  the  eompiete  coat  ot  mafeing  and  lasing  4,302  kilometres  of 
subterranean  line  containing  33,431  kilometres  of  cable  was  about  £6,600. 


P.  aZHAXDT— THE  ANCESTE.T  OF  THE  JAMIN  LAMP. 

(la  Lumihre  Elednqae  T.  II.  So.  12,  June  \lth,  1880, 2P.  231-6.) 

The  important  f^atnres  in  this  lamp  are  : — 1.  The  mplnvn^nt  o/jwaparollsl 

i.  TTftan  ths  ev/rrent  is  i!oi  pissing  tha  carbons  touch  of  tteir  endt,  and  tA<y 

■ied  iy  the  action  of  an  electTo-magnet  escited  iiif  the  currer^,    3.  Thu 

rii--magnet  ii  fanned  of  a  plate  of  iron  pliued  soddle-iuije  on  atonducter.    i.  Thi 

mt  traversei  the  length  rif  the.  carbons  ;   the  flam-:  is  jiaied,  and  shoriened  by  tlie 

<}  a  coil  of  wire  in  circuit  iniih  the  lamp.    In  the  complete  lamij,  Ihnaii  «i,\a 


8U  ABSTRACTS. 

of  carbons  are  combined  in  one  framework.  5.  The  current,  led  ind^arently  lo 
all  the  candlei,  e'looigi  for  itael/,  and  lighii  that  oiu  which  it  jindi  moid  ntttnlilt. 
6.  When  one  caj[d!e  is  turni  down,  a  ip-ing  eaU  it  ovt  of  the  cireuit,  and  eo 
Vie  current  to  past  to  another.  7.  If  by  accident  one  light  goaa  out,  t^n  by  on 
outdtnaftc  arransemetd  a  resistn-nce  eival  to  tl  at  of  the  lamp  is  immediately  iviiHr 
tuted  for  it,  ID  OS  not  lo  vary  the  total  rtaistance  in  circuit.  As  regards  }Td.  1 
parallel  carbons — tbia  idea  was  proposed  by  W.  E.  Staite  in  1846,  and  w 
employad  by  Werilermann  for  cutting  rock  in  1874,»  who  at  the  time  proposed, 
in  addition,  to  tise  an  electro-magnet  to  make  the  arc  pointed.  As  regaidi 
No.  2 — separating  the  parallel  carbona  by  an  electru-magnet — this  is  the 
well-known  system  of  Wilde.  No.  3— the  sad  die -shaped  piece  of  iron- 
was  proposed  by  Pulvermacber  about  1852.  a  complete  accomit  of  which  may 
be  found  in  the  Expose  de9  Applications  de  I'EIectricit^,  bj  the  Count  dn 
Moncel,  p.  211,  second  edition  of  IS56.  No,  4 — fixing  the  arc  by  a  current 
circulating  in  a  coil  of  wire — as  already  mentioned,  Werdermann  in  187^ 
proposed  employing  an  electro -magnet  for  this  purpose ;  and  in  a  separata 
article  by  M.  Hodpitalier,  in  the  same  number  of  La  Lumi'ere  Bledriaw 
it  is  shown  that  the  arrangement  of  M.  Jamin  would  be  disadTantageaw, 
rather  than  otherwise.  No.  5 — the  current  selecting  the  candle — such  a 
arrangement  wan  employed  for  a  long  time  by  the  Soci^tii  Generals  with  tliB> 
JahlochkolT  candle,  and  finally  abandoned,  owing  to  the  greau  inconvcnienct 
it  caused.  Ko.  6— cutting  a  candle  out  of  the  circuit— when  using  the  Gadot 
buraer,  the  Soci^tf  0^ii<<rale  had  to  employ  a  device  like  that  proposed  b; 
M.  Jamin,  depending  on  the  burning  of  a  wire  and  the  liberation  of  a  spring; 
like  the  previous  arrangement  also,  tlie  Soci^td  Ofnfrale  have  abandoned  it  h 
being  unsuccessful.  No.  7 — the  introduction  of  an  equivalent  resistance  <m 
the  extinction  of  a  candle — M.  Jamin  has  not  described  how  he  proposes  b) 
attain  thia  result,  but  Measi-s.  Siemens,  Werdermann,  Edison,  De  Mersaiii% 
uid  Beynier  have  already  described  methods  for  fulfilling  this  ol^ect. 

C.  H.— TESTS  or  BROOKS'  CABLE. 
(La  Lumihre  EiectriqaB,  T,  II.  No.  12,  Jute  I5th,  1880,  ji.  241.) 
Teste  made   May  14th,  1980,  by  M.  Aylmer,  on  a  specimen  of  BnxAs' 
nndergronnd  cable  laid  last  November  at  Versailles. 


5  ...  198-3  ...  0-106 

G  ...  198-3  ...  0-106 

7  ...  198-3  ...  0-106 

"  Some  Historical  Notes  on  the  Electric  Light,"  CoL  Bolton,  Jour,  Soc  Tel, 
Ens.,  Vol.  Vni.,  No.  27,  p.  269. 


ABSTBAGTS. 

No.  of  the 
Conductor. 

Ingnlation  retdstanoe 

in  megohmB 

per  kilometre. 

Capacity 
in  microfarads 
per  kilometre. 

8 

198-3 

0-106 

9 

2231 

0-109 

10 

223-1 

0109 

11 

2231 

0109 

12 

2281 

0-106 

13 

2231 

0-106 

14 

210-0 

0-106 

15 

2231 

0-106 

16 

238-0 

0-109 

17 

223-1 

0-109 

18 

223-1 

0-106 

19 

223-1 

0-106 

20 

2231 

0-109 

21 

228-1 

0-109 

22 

228-1 

0106 

325 


No.  of 
Conductor. 


Time  of 
electrification. 


The  time  of  electrification  was  five  minutes.    The  tests  repeated  on  each 

wire,  sdl  the  other  wires  heing  put  to  earth,  gave  the  same  results. 

Tests  taken  by  Mr.  Brooks,  March  26th,  1880,  gave — 

Insulation  Besistance 

in  megohms 

per  kilometre. 

1  ...  203  ...  5 

22  ...  254  ...  5 

12  ...  135  •••  1 

•  ..  ...  l-vij  ...  « 

...  ...  254  ...  5 

Wire  Ko.  12  was  now  again  tested,  all  the  other  wires  being  to  earth,  and 
the  following  results  were  obtained,  the  temperature  being  about  26°-6  G. 


12 


176 
208 
226 
256 
256 


1 
2 
3 
4 
5 


Other  tests  made  at  Brussels  by  the  engineers  of  the  Belgian  administra< 
tion  gaye— 


Date. 

11-9-79 
14-9 
19-9 
28-9 

4-10 
11-10 
24-10 

7-11 


Besistance 

in  megohms 

per  kilometre. 

1787-9 

627-7 

464-8 

657-2 

581-1 

488-5 

439-5 

824-6 


Capacity 

in  microfarads 

per  kilometre. 

0-016 

0-016 

0-014 

0-013 

0-014 

0-018 

0-014 

0-013 


••• 


Temperature 
centigrade. 

18° 

18° 

18° 

16° 

16°i 

14° 

11° 

10° 
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„      _ .         In  mlnvTaradfl 
Hr  kilonutra.       p«r  kUomelTB. 

857-96  ...        0012 

U85  ...        0012 

1324-5  ...        0012 

1281  ...        O-OII 

1323  ...        0-011 

3056-23  ...        0«IB 

904-5  ...        0-018 

290  ...        0-011 

27il  ...        0-015 


H.  PBLLiT— TEE  MIJABUREMENT  OF  THE  ELECTEOMOTTTE 
FORCES  OF  BATTEHIES,  AND  OF  TWO  JtET.iLB  IK  CONTACT. 

{Joarnal  de  Phjcique,  T.  IS.  So,  101,  May,  1880,  pp.  145,  152.) 
Tha  anthoi-  first  descriljea  a  matliod  for  subdividing  an  electromotive  tortt 
iWialogona  to  that  emplojed  when  using  Thomaoa  and  Varlej's  aliding  reaiat- 
ance  coils.  He  then  proposes  to  place  two  plates  of  different  metals  near  obl 
Bnother,  and  instead  of  joining  them  by  a  simple  metallic  wire  as  usual  whee 
measttring  tlie  electromotive  force,  to  join  them  by  a  wire  in  which  i; 
maintained  a  known  and  variable  diffferente  of  putentials.  This  difference 
of  potentials  is  varied  until  the  difference  of  potentials  between  the  plates 
themBelvea  is  nouglit,  ae  evidenced  by  neither  poBsessing,  after  Beparation, 
any  charge  as  measured  by  Hankel's  electrometer,  which  is  a  modification  of 
Bohnenberger'a.  The  difference  of  potentials,  measured  by  a  lippmann's 
electrometer,  necessary  to  be  inserted  to  produce  this  balance  gives  directly 
the  difference  of  potentials  it  is  desired  to  know  to  the  ,  ^j  j^  of  a.  Baniell  for 
small  electromotive  forces,  and  to  th-e  j^'^^  of  a  Latimer  Clark's  cell  for  larger. 
H.  Fellat  pointa  out  that  the  difference  of  potentials  between  two  metals  act 
touching  but  joined  by  a  wire,  dependion  the  inaulatingmedium  between  them, 
hut  he  anys  that  his  experiments  sliow  that  the  nature  and  pressure  of  the 
gaseous  medium  surronnding  the  tvo  plates  affects  very  slightly  tlie  observed 
difference  of  potentials.  He  also  points  out  that  the  diflei-ence  of  potentials 
between  two  portions  of  tlie  same  metal  in  contact,  but  at  slightly  dlfieienC 
temperaturesj  is  far  greater  than  the  mean  thermo-electric  power  for  the  same 
difference  of  temperatures. 


UARCEL  DESPBEZ— THE  EFFICIENCY  OP  ELEOTEOMOTORS,  AND 
THK  MEASUREMENT  OF  THE  AMOUNT  OP  ENERGY  IN  A  CIECDIT. 
(JoiH-nuI  de  Fhytique,  T.  IS.  No.  102,  June,  IB80,  pp.  196,  9.) 
Let  I  be  the  strength  of  the  curr-ent  in  a  circuit  containing  an  eleotromoUr 
when  the  mot«r  is  at  rest  and  i  its  value  when  the  motor  is  allowed  to  ran. 
Let  ra  be  the  reaiatance  necessary  to  be  inserted  in  tlie  Circuit  to  diminish  the 
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i  when  the  motor  ie  at  rt 
rest  of  the  cirenit,  tiie  energy  given  oat  i 

work,  i'  r, .  The  efficiency  of  tlie  electromotor  will  therefore  be  — ^— 
which  may  be  put  in  the  form  ~  ,  where  E  is  Uie  liaclt  ^lectromotiTe  force  of 
the  motor,  and  Ei  vhe  electromotive  force  of  the  generator.  To  measure  the 
enerfty  in  a  circuit  joia  two  points  wjtii  an.  auxiliary  circuit  of  great  reeiataneej 
in  whicli  is  pla"ed  a  high-reaiatance  galvanometer,  while  in  the  main  circuit  id 
placed  a  low-resistance  galvanometer ;  the  energy  in  the  main  circuit  will  then 
be  measured  by  the  product  of  these  two  ourrenta.  The  eimpleat  method  of 
obtaining  this  product  is  fo  suspend  the  low.resi stance  coil  inside  the  higb. 
resistance  one,  contact  with  the  two  ends  of  the  movable  coil  being  maintained 
by  two  wires  dipping  into  mercury  onpa,  and  a  special  integrator,  deviaed  by 
the  author  in  1876,  being  attached  to  the  apparatus  will  give  the  inlegral  of 
tbe  products  of  the  two  currents  with  respect  to  time. 


r,  J..  HOORWEO— HEAT  THEOBY  OP  THE  GALVANIC  CUEaENT. 
(AnnaUn  der  Physik  u-ad  Chemia,  So   4, 1880,  B.  IX.,  H.  4,  EB2.B0.) 

Clausius  points  out  that  Helmboltz's  crantact  theory  is  inadequate,  and  he 
chose  to  elaborate  the  theory  of  the  Dutch  physicist,  Bnys-Ballot — that  at  the 
contact  of  two  metals,  the  movement  of  heat  itself  causes  potential  differences. 
Tbomson  has  given  a  theoi^  of  therm j-elec trie  currents,  which  is  complete,  if 
we  assume  that  the  Peltier  effect  will  show  itself  in  one  and  the  same  metal 
at  different  temperatures.  Tait  has  proved  the  well-Jtnown  formula  of 
Avenariua,  and  Edlund  has  proved  the  foirmula  of  Thomson — that  the  electro- 
motive force  of  a  thermo-element  at  the  same  difference  of  t«mperataie  is 
proportional  to  the  absolute  temperature.  In  the  rational  explanation  of 
thermo-electric  phenomena  there  are  inconsistencies ;  (1)  Thomson's  careful 
experiments  still  leave  it  doubtful  whether  we  really  find  Peltier's  eHect 
showing  itself  in  one  metal ;  (2)  bismuth  is  positive  to  antimony,  and  yet  the 
current  flows  in  the  heated  junction  from  bismuth  to  antimony ;  (3)  Peclet 
has  proved  that  with  increased  temperature  the  contact  difference  of  zinc  and 
gold  is  unchanged. 

(1.)  The  author  describes  how,  using  weak  curtenta,  he  gets  the  result 
whjoli  Thomaon  obtained  using  strong  currents.  (2.)  The  author  gives  lists 
of  metala  placed  according  to  experiments  such  as  those  of  Volta  and 
according  to  thermo-electric  experiments.  He  finds  by  his  own  experiments 
the  following  contact  differences  with  brass,  given  in  percentages  of  a  Iianiell: 
— zinc  80,  bismuth  16,  antimony  12-5,  silver  4,  platinum  I.  20,  copper  1, 
platinum  n.  40,  gold  8.  Platinum  I.  was  chemically  pure;  platinum  IL  was 
the  metal  of  commerce.  This  list,  deduced  from  the  author's  careful  experi- 
ment!, he  says,  proves  that  the  results  of  Yolta,  Beebeck  and  others  are  correot, 
in  spite  of  the  obvious  carelessness  of  their  methods.    Ee  goes  on  to  show  that. 
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n  a  bi«muth-copper  janction,  the  eleotromotiva  force  produced 
the  bismuth  itnelf  tending  to  give  a  strong  cuTrent  from  cold  to  hot  parta  of 
the  mttal,  is  actually  greater  than  the  contact  electromotive  farce  of  the  twj 
metals ;  and  hence,  aince  there  is  only  a  sffiall  effect  ol  this  kind  prodnced  in 
copper,  these  metala  ought  to  be  diSerectly  placed  in  a,  contact  list  and  in  i 
thermo-electric  list.  This  is  alao  tLe  reason  why  we  find  tha  nentral  poinU 
in  thermo-electricity.  The  author  gives  an  experiment  bearing  out  the  aboTt 
explanation.  (3)  He  repeats  Feclefs  experiment,  and  gets  a  result  which  ia 
in  aocordance  with  theory.  He,  therefore,  concludes  that  potential  difference! 
shewn  on  heating  are  only  modifications  of  those  discovered  by  YoltA ;  and  as 
thenno.electric  phenomena  are  explainable  by  the  laws  of  thermo -dynamics 
he  uses  to  explain  Volta'a  contact  differences,  heat  effects  at  the  junctioiis. 
He  deduces  from  this  that  not  merely  cbaics  of  metals,  but  chains  of  metals 
and  liquids,  should  owe  their  electric  currents  to  heat  effects  at  the  junettucB ; 
so  that  we  must  not  explain  them  by  changes  in  chemical  effects.  He  discossa 
the  case  of  zinc  in  sulphate  of  zinc,  where  there  is  an  electromotive  force uf 
contact,  and  yet  in  which  there  is  no  chemical  action.  He  describes  an  expEii* 
meut  showing  that  the  positive  electrode  in  a  decomposition  cell  becomes 
warmer  than  the  negative.  The  author  desciibes  arrangements  by  means  of 
which  zinc  plates  were  maintained  at  different  temperatures  in  aulptiate  of 
zinc,  and  copper  plates  in  sulphate  of  copper,  and  he  finds  that  the  ratio  of  the 
electromotive  forces  of  these  cells  is  1-26.  He  also  Sods  that  the  thermitl 
cnrrents  between  metals  and  fiiiids  depend,  as  regard  their  direction,  only  ud 
the  fluids,  and  not  on  the  nature  of  the  metals. 

The  anthor,  after  declaring  that  the  qnertion^ts  the  electromotive  force 
of  Daniell  equal  to  the  sum  of— 

Zn  I  Cu,     Zn  I  Zn  Boi,    Cu  |  Cn  So, 
bae  not  hitherto  been  taken  up,  proceeds  to  describe  his  experiments  proving 
that  this  is  true.    He  fluds— 

Zn  I  Zn  So,  ~  48    per  cent,  of  a  Daniell. 

Cu  I  Ou  So,   =    27-4  „  „ 

He  then  proceeds  to  consider  the  well-tnown  statement  that  the  direction  of 
the  current  in  a  cell  depends  on  the  nature  of  the  chemical  effects  producible 
at  the  junctions,  and  he  shows  by  the  example  of  a  single  cell  fbrmed  of  leflil 
and  copper  in  water  that  the  statement  is  not  always  true.    Thus,  accordiiu: 

Pb  O  —  He  0  =  a7,67S  —  34,462  =  ~   G,787  heat  uniU. 
Ou  0  —  H,  O  =  2J,885  —  34,162  =  —  12,577 
and  yet  this  cell  gives  a  pretty  strong  current,  which,  in  tha  fluid,  has  tiB 
direction  from  lead  to  copper. 

The  remainder  of  the  paper  ia  devoted  to  a  theory  of  the  voltameter,  baKi 
1  the  following  principle ;— When  a  certain  amount  of  polarization  is  Id 
existence,  not  the  maximum  amount,  it  is  as  if  one  of  the  platinum  plates  had 
a  number  of  buttons  of  zinc  partially  covering  its  sur&ce,  so  that  the  carreot 
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from  a  yoltaic  cell  when  it  enters  the  voltameter  is  in  parallel  circuit.  In  one 
path  through  the  voltameter  there  is  no  opposing  electromotive  force,  but  by 
the  other  there  is  such  an  opposing  electromotive  force,  and  this  latter  becomes 
more  and  more  important  as.  time  goes  on.    He  deduces  the  result— 


E  — 


J  = 


n 


B.  +  r 

Where  jp  is  maximum  polarisation,  E  the  electro-motive  force  of  battery, 
r  resistance  of  voltameter,  B  all  other  resistance  of  the  circuit,  J  the  current, 
and  n  a  number  which  depends  on  the  time  decreasing  from  infinity  to  1  with 
a  rapidity  determined  by  the  current  and  the  area  of  platinum  plates.  The 
author  describes  many  experiments  illustrating  his  theory — refers  to  Edlund's 
experiment  showing  that  the  heat  effects  produced  in  a  voltameter  are  not 
merely  those  due  to  current  resistance  but  also  to  polarisation — ^refers  to  the 
fact  that  Eavre  found  the  simple  cell  zinc,  sulphate  of  zinc,  platinum,  to  cool 
when  it  produced  a  current,  and  shows  how  other  facts  of  the  same  kind  are 
explainable  on  thermo-dynamic  principles. 


GUSTAV  HOrrUAira'^GHAKGES  FBODUGED  IN  THE  STBENGTH 
OF  IBON  WIBES  BY  THE  PASSAGE  OF  ELECTBIO  CUBBENTS. 

(Elehtrotechnische  ZHtschrift,  H,  5,  Jfoy,  jpp.  155-162.) 

In  a  preliminary  history  of  the  subject  the  author  mentions  the  names  of 
Dufour,  Wertheim,  Edlund,  Streinitz',  and  Exner,  and  shows  that  the  results 
were  contradictory.  He  gives  a  Table  of  Dufour's  results.  His  own  results 
show  that  (1)  the  passage  of  a  current  through  iron  wire  causes  an  Increase  of 
strength  which  depends  on  the  diameter  and  on  the  constitution  of  the  wire  ; 
(2)  with  a  given  current  the  increase  of  strength  depends  on  the  time  during 
which  it  flows  tending  to  reach  a  maximum ;  (3)  with  weak  currents  the 
increase  of  strength  is  proportional  to  the  current.  The  following  Table  has 
been  compiled  from  the  author's  results  of  experiments  on  eight  iron  wires' 
each  one  metre  in  length  :— 


Diameter  in 
Millimeties. 


0-19 
0-23 
0-26 
0-21 
0-24 
0-31 
0-32 
0-39 


Average 

Break)  nff 

Weight,  in 

Grammes, 

without 

Current. 


2,368 

ZM7 
4^435 

2,682 
4,386 
4,358 
7,398 


Increase  of  Strength,  in 

Grammes,  dne  to  the  Passage 

of  the  Cnzrent  for 


3  hours. 


28 
23 
86 
87 
71 
12 
30 
92 


12  hours. 


44 

42 

119 

101 

122 

23 

33 

141 


24  hours. 


50 

56 

130 

107 

136 

23 

36 

180 


Increase  in  Strength,  in 

Orammet,  due  to  Passage  for 

equal  timas,  of  Currents  of 

the  following  Strengths. 

4 

6 

9 

20 

29 

44 

28 

36 

42 

64 

89 

119 

33 

57 

101 

62 

96 

122 

11 

16 

23 

22 

27 

ftft 

to 

llf 

S80 
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In  seeking  for  an  expIauatioD  of  these  results  we  most  ilistin! 
the  effect  of  tha  heat  prodnced  by  the  current  and  the  effect  produced  by  the 
current  itself.  Possibly  there  may  Iw  an  increase  in  cohesion  dne  to  heaiting, 
but  certainly  the  mere  pasaage  ot  the  current  playa  an  important  part 
phenomenon  ohsetred.  The  author  shows  tbut  this  ia  proved  by  the  aboi 
numbers,  and  he  rerers  to  a  proba~ble  connection  hetweeo  electric  pheuoi 
and  the  molecular  motions  in  the  iron  wire.  Villari  was  the  flrat  to  show, 
an  indactian  current  takes  place  in  an  iron  or  steel  rod  which  had  been 
conveying  a  current  when  the  rod  is  vibrated  afterwards.  ■Wiedemann  as  wdl 
as  Thomson,  Beetz,  Herwig,  and  Chwolson  obtained  analogota  phenomem 
The  author  gives  hia  idea  of  the  molecular  cause  of  these  phi 


w.  c.  bontgen— the  new  relation  betyteen  light  and 
ei^gthicity  dibcoveeed  by  dh.  kerr. 

{AnnaUn  der  Physik  untl  Chemie,  No  IV.,  S.  X.,  E.  1,  Xay  Iff,  1880,  jip.  77-92.) 

The  author  states  that  in  lS731ie  madeexperimentsupon  glass  and  Canada 
balsam,  but  found  no  results  such  as  Dr.  Kerr  had  ]iub!ishcd  on  the  productiim 
of  double  rafraction  by  static  induction.  More  lately  he  has  repeated  Dr.  Keir'a 
experiments,  using  a  lime  light  and  Nicol's  prisms  of  large  aperture,  and  he 
has  confirmed  Dr.  Kerr's  results  tbat  the  electricity  exercises  the  maiinimn 
effects  when  the  lines  of  force  and  tiie  plane  of  polarisation  of  the  lights  make 
un  angle  of  45",  and  that  there  is  no  effect  whatever  when  they  coincide  or  are 
at  right  angles.  Tarious  experim  ents  were  made  with  a  strained  glass  com- 
pensator, and  it  was  found  that  carbon  bisulphide  acted  like  glass  extended 
along  the  lines  ot  force,  cod-liver  oil  like  glass  similarly  compressed..  Witi 
partially  conducting  liquids  effects  were  obtained  when  an  air-spark  was 
interposed  in  one  of  the  wires,  and  the  electrical  machine  connected  with  a 
Leyden  jar;  a  flash  of  light  was  then  seen  on  the  field  corresponding  with  each 
spark,  and  showing  that  there  is  a  momentary  state  of  strain  in  conducton 
before  spark  passes.  "With  a  high  vacuum  across  which  no  discharge  could  be 
made  to  pass,  no  optical  defect  could  be  observed,  even  when  a.  very  large 
electro-motive  force  nas  employed.  The  author's  experiments  agree  with  thoBS 
of  Dr.  Kerr's  in  showing  that  different  liquids  under  electric  strain  act  ou  hglit 
like  uniaxial  crystals,  having  for  their  axis  the  direction  of  the  lines  of  force, 
and  that,  like  crystals,  they  vary  from  strong  to  weak  and  from  positive  W 
negative. 
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T.  H.  VABtBY— IMPROVEMENTS  IN  THE  PRODUCTION  OF  THE 

ELECTRIC  LIGHT. 

(^Zeitschrift  Angemmdte  EleUHciUitslehre,  Vol.  2,  No.  9,  jpp.  203-210.; 

The  author  describes  how  he  has  divided  the  Electric  Light.  In  place  of 
Carbon  Points  he  uses  continuous  columns  of  finely  powdered  graphite  or 
carbon,  continually  renewed.  One  method— the  powder  foils  from  a  platinum 
or  iridium  funnel  like  the  sand  in  a  sand-glass,  the  electricity  passing  in  the 
direction  of  the  falling  particles.  The  falling  stream  of  carbon  is  in  a  closed 
vessel  in  a  vacuum  or  a  carbonic  acid  atmosphere.  By  mixing  the  carbon  dust 
with  borax  gravel,  &c.,  the  resistance  may  be  varied.  In  producing  the  current 
an  arrangement^  which  seems  somewhat  like  a  Ruhmkorff's  coil  is  employed — 
he  also  describes  the  use  of  a  battery  to  work  a  magneto-electric  machine  to 
drive  a  Holtz  machine  and  from  this  the  supply  of  electricity  is  obtained. 
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SOCIETY  OF  TELE&EAPH  EN&INEERS. 


No.  3i. 


The  Ninety-first  Ordinary  General  Meeting  of  the  Society  was 
^L  held  at  the  Society's  Rooms,  No.  4,  Broad  Sanctuary,  West- 
H  minster,  on  Wednesday  evening;,  November  10th,  1880,  when 
H  the  President,  Mr.  W.  H.  Preece,  received  the  members  and 
H  introduced  them  to  the  Ronalds  Library,  which  was  thrown 
^P      open  on  this  occasion  for  the  first  time. 

No  formal  proceedings  inaugurated  the  opening  of  the  Library, 
but  the  trust-deed  was  on  view,  in  which  the  Trustees  had  certified 
to  the  fact  that  the  Society  of  Telegraph  Engineers  had  duly 
fulfilled  the  conditions  of  Sir  Francis  Eonalds'  bequest,  A  large 
number  of  members  and  visitors  attended  the  meeting,  which 
resolved  itself  into  a  conversazione. 

A  number  of  rare  and  curious  books  relating  to  electricity, 
magnetism,  navigation,  &c.,  were  exhibited,  a  list  of  which  is  sub- 
joined. The  new  American  Rapid  Telegraph,  of  which  a  short 
account  is  added,  was  also  shown  in  action. 


FROM  THE  RONALDS  LIBRARY. 

.  AnEiFABEE,  Andseas.    Succini  historia,  Ac.     15S1. 

[Contains  references  to  the  electrical  properties  of  amber.    Specimen, 
of  early  biuding.    Scarce.] 

.  Pebeokinus,  Petrds.    De  Magneto,  &c,     1558, 

[The  earliest  known  book  on  magnetism.    Very  soaKe.] 

',  Taishibe,  J.    De  NaturaMagnetia,    1562. 
[A  i)iracr  of  Petrns  Peregriaua.     Rate.] 


I  TOL.    VS. 


Al 


1 

192.  T 


S3i  RAEE  AND  CUBIOUS  BOOKS  INo-5 

4.  DiGOEs,  Thosias.    a  prognostication  of  right  ^ood  effect.    1592. 

[Meteurologieal.    Very  corious.] 

5.  Gilbert,  Dr.     De  Magnete.     1600. 

rOue  of  theearlieat  and  most  important 'bookaon  magnetism.  Thiw 
editiona,  1600, 1628, 1633.] 

6.  Bablowe,  "Wm.    Magueticall  adTertisements,     1616. 

7.  EiDLEY,  Mark.    Magoeticall  bodies  and  motions.     1618. 

[Early  English  ln»k  on  miigt.etisni.] 

8.  Cabeds,  Nicolas,    Philosophia  Magnetica,    1629. 

9.  Oellibiwnd,  Hy.     Variation  of  the  Magneticall  needle.     1636. 

[Very  sciirce.] 

10.  Ward,  S.     Magnetis  rednctoriam.     1639. 

11.  KmcHKR,  A.    Magnes  sive  de  Arte  Magnetica.     1641, 

12.  PhyBioIogia  Experimentalis.     1680. 

13.  Ono  DB  Gdekicke.     Esperimenta  SoTa.     1672, 

[Inveator  of  the  air-pump.] 

14.  SiTTRMmg,  J.  C.     Collegiuiu  experimentale  sive  cnriosnm.     1676. 

[Carioas  work.] 

15.  McsscHENBRocK,  P.  Tan.     Tentamina  experimentornm  naturalicm. 

1731. 

16.  Desagtji.ieks.     Dissertation  concerning  Electricity.     1742. 

[Eiirlieat  English,  hook  on  electricity.] 

17.  ScAEELLA,  J.  B.    De  MagQcte.     1759. 
13.  ToLTA,  A.     De  vi  attractiva.     1769. 

[Volta's  first  work.] 

19.  Beccaeia,  G.    Elettricisrao  Artificiale.     1771. 

20.  MiLNEB,  Tiioa.    Experiments  in  Electricity.    1783. 

[Containing  the  earliest  description  of  the  electrometer  known  at 
"Peltier's.''    Scarce.] 

21.  Ronalds,  Sib  F.     Correspondence,  &o,,  relating  to  the  Electric 

Telegraph.    MSS.     1816-1873. 

[This  interesting  collection  contains  the  letter  trom  Sir  J.  Barroir, 
the  Secretary  of  the  Admiralty,  saying  that "  Telegraphs  o!  any 
kind  are  now  wholly  nnnecesaary,"  together  witli  Bonalds'  letta* 
to  tJie  {Jovernment,  Ac] 

22.  Description  of  an  Electrical  Telegraph,    1823. 

[One  of  the  most  inWreating  hooks  connected  with  the  history  ot 
telegrapliy.    The  Brat  Englisli  hook  on  the  electric  telegraph.] 

23.  Collection  of  Engbatkd  Portbatts  of  E.^blt  Electbiciass. 


EXHIBITED  BY  LATIMER  CLARK,  Esq.,  M.LC.E. 
Pott  Friiident. 

24.  TiHCENTiuH  Bellovacensis.    Specnlum  Naturale.     1473. 

[A  fine  apecimen  of  early  printing;  contains  perhapg  tlia  earliMt 
printed  allusion  to  the  polarity  of  the  magnetised  needle  and  iU 
mKlj  mariner..] 


1880.]  SHOWN  AT  OPENINa  OP  LIBEABY.  885 

25.  Albertus  Magnus.     1494. 

[Good  specimen  of  early  printing,  with  allusions  to  the  loadstone.] 

26.  Pliny,  C.    Natural  History.    Fo.     1497. 

[Contains  allusions  to  the  loadstone,  amber,  the  torpedo,  and  light- 
ning.] 

27.  Blondus,  M.  a,    De  Yentis  et  Navigatione.     1546. 

[An  early  tract  on  navigation — contains  an  engraving  of  a  new 
mariner's  compass  called  «*  Pizis  vel  buzolus  **  from  {Bucms,  box) ; 
from  this  the  Italian  word  bussola,  and  French  houisole,  are 
derived.] 

28.  Agricola,  Gr    De  re  metallica.     1556. 

[Curious  metallurgical  work.] 

29.  Cabdanus,  H.    De  rerum  varietate.     1557. 

[Contains  several  early  allusions  to  magnetism.] 

30.  Porta,  J.  B.    Magia  Naturalis,  &e.     1558. 

[Contains  at  page  90  the  earliest  allusion  to  the  imaginary  sympa- 
thetic magnetic  telegraph,  formed  by  two  similar  mariner's 
compasses  with  letters  round  their  margin,  which  was  afterwards 
so  frequently  alluded  to  by  the  old  writers,  and  among  others  by 
Strada,  and  translated  by  Addison  in  the  Sjpectator.  It  is  alluded 
to  more  fully  in  the  later  editions.] 

31.  Ptolemaeus.    Geographia.     1562. 

[Interesting  geogjraphical  work.  Ptolemy,  who  wrote  in  the  first 
century,  originated  the  story  of  the  magnetic  mountains  in  the 
Indian  Ocean,  which  drew  the  iron  nails  out  of  the  ships.  The 
earlier  editions  were  printed  before  the  discovery  of  America, 
which  is  not  shown  on  the  maps.] 

82.  BiRiNGUccio,  C.    La  Pyrotechnie.    1572. 

[Carious  old  work  on  metallurgy.] 

83.  Norman,  Robiert.    The  Newe  Attractive.    Pirst  edition  1582. 

[The  earliest  work  on  magnetism,  very  scarce  and  much  esteemed. 
It  describes  the  declination  of  the  magnetic  needle,] 

34.  Barlowe,  W.    The  Navigator's  Supply.     1597. 

[A  curious  tract  describing  the  mariner's  compass.] 

85.  Wright,  B.    Errors  in  Navigation.    1599. 

[A  scarce  and  early  work,  containing  description  of  the  mariner's 
compass  and  its  use.] 

86.  De  SuNDiy  J.  H.    Steganologia  and  Steganographia.    1600. 

[One  of  the  early  writers  on  the  imaginary  magnetic  telegraph,  and 
the  most  curious.  He  describes  in  cabalistic  fashion  the  prepara- 
tion of  the  two  compasses,  the  needles  of  which  most  be  made 
from  the  same  piece  of  steel  and  magnetised  by  the  same  magnet. 
Attention  is  called  by  the  ringing  of  bells  placed  upon  the  dials 
and  rung  by  bar  ms^gnets.  The  needles  are  alio  actuated  by 
bar  magnets,  and  the  letters  are  formed  by  one,  two,  three,  or 
four  movements,  as  in  the  modem  single  needle  telegraph.  His 
real  name  was  ]>aniel  Bchwenter.] 

37.  Stbada,  F.    Prolusioneg.    1617. 

[Contains  the  poem  on  the  Imaginaij  Lovers'  Telegraph,  afterwards 
translated  and  published  in  the  Bpeetator,  Dec.,  1711.] 

88*  BLU]n>KViiiJE.    On  Navigation.    1622. 

[Contains,  at  p.  681,  an  early  description  of  the  manufacture  of  ^ 
compass.] 
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39.  Van  Ettks,  H.    Matbematical  Recreations.    1633. 

[Oontains,  at  p.  104,  the  eiirlieat  English  description  and  fignie  of 
the  BjnipH.thetio  telagmph.  Thia  work  was  really  written  by 
Father  Leureehon  in  1626,  and  was  aubsequeatly  translated  idm 
vnrioua  languages — many  editions — all  containing;  allu9iQ□^<  tu 
the  sympathetic  telegraph.] 

40.  CFxLiLiEi,  G.    De  Sjfstemate  Mnodi.     1635. 

[The  celehrated  astronomer ;  refers,  at  p.  S8,  increduloa'ily  to  tha 
sympathetic  telegraph.] 

41.  Bbowme,  T.     Paendodoxia  Epidemicu.     1646. 

[Contains,  at  p.  76,  some  interesting  remarks  on  the  sympathetic 
telegraph.] 

42.  ScHOTT,  G.    ScLola  Steganograpliica.     1665. 

[Contains,  at  pp.  258-260,  description  of  De  Sunde'a  sympathetic 
telegraph,  with  drawing.] 

43.  Glanvil,  J,     Scepsis  Scientifica.     1665. 

[Containp,  at  p.  119,  a  very  interesting  aUusion  to  the  imaginary 
magnetic  telegraph.] 

44.  Febdkrici,  J.  B.    Crypto graphia.    1685. 

[Contains,  at  p.  23*,  the  earliest  specimen  ol  the  Moree  code,] 

45.  WiLKiNS,  J.     Mercury,  or  the  secret  and  swift  messenger.     1694 

[Contains  many  curious  acd  interesting  descriptions  of  secret  writing, 
and  of  the  imaginary  telegraph.] 

46.  Zahn,  J.    Specala  Gsico  mathematico  historico.    Folio.     1696. 

47.  Abercorn,  Eabl  of.     Attractive  Virtue  of  Loadstones.     1729. 

[A  rare  and  interesting  tract,  giving  tiihles  tor  aacertatning  the 
price  of  loadstones.] 
46,  SwEDENBORO,  E,     Principia  rerntn  naturalinm,     3  Tola.     1734. 

[Contains  a  remarkable  experimental  treatise  on  magnetism.  Tha 
author  is  well  known  tor  hia  singular  theological  views.] 

49.  SwAMHERDAM,  J.    Biblia  Natnrali.     2  vols,  folio.     1737-8, 

[Desoribea,  at  a  very  early  date,  the  galvanio  effect  of  metals  on  Um    , 
legs  of  the  frog,] 

50.  Scots  Magazine  for  Feb.  1753,     1753, 

[Contains,  at  p.  73,  a  letter  by  C.M.  l,i.e.,Charle9  Marshall),  in  whiell 
a  real  electric  telegraph  ia  for  the  first  time  invented  ud 
described.] 

51.  Weslet,  John.    Electricity  made  plain  and  useful.     1778. 

[The  autiior  was  the  founder  of  Wesleyanigm.] 

62.  Habat.    Recherches  physiques  siir  I'electricite.     1782. 

[The  author  is  the  same  who  figured  so  prominently  in  the  ewlj 
days  of  the  first  French  Eevolution,  and  who  was  asBaaaiDtttd 
by  Charlotte  CordayJ 

63.  Omi,  G.  S.    Die  Galvanische  Kette.     1827. 

[Original  publication  of  Ohm's  law.] 
54.  Qkeen,  G.    Mathematical  analysis  to  the  theories  of  electricity  and 
magnetism.     1828. 

[Contains,  at  p.  9,  the  earliest  introduction  of  the  word  "potentiilf'' 
as  applied  to  electricity.    Extremely  rare.] 
65,  Chronological  Catalogue  of  Mr.  Latimer  Clark's  Library.     1878. 

56,  Portraits  of  Electricians. 

57.  Autographs  of  Eminent  Electricians. 


1880.]         THE  AilEEICAN  RAPID  TELEGKAPH  INSTRUMENT. 


THE  AMERICAN  RAPID  TELEGRAPH  INSTRUMENT. 


The  American  rapid,  or  '■  electro-mechanical,"  telegraph  in- 
strument has  only  recently  been  brought  over  to  this  country,  with 
the  view  of  its  introduction  on  the  Postal  Telegraph  system.  The 
essential  principle  of  the  rapid  is  identical  with  that  of  the  irell- 
known  Bain  instrument.  The  apparatus  consists  of  an  ingeniously- 
arranged  perforator  (which  punches  slips  after  the  fashion  of  the 
"Wheatstone  perforator),  a  transmitter,  and  a  receiver.  The  trans- 
mitting  slip  is  prepared  by  the  operator  playing  upon  a  double  row 
of  keys,  the  depression  of  any  one  of  which  perforates  at  one  blow 
holes  in  the  slip  representing  the  letter  of  the  key  depressed,  the 
power  being  obtained  by  a  treadle  arrangement.  The  perforations 
are  made  in  two  rows,  one  on  each  side  of  the  paper  ribbon.  In 
the  transmitter  two  platinum  brushes,  in  electrical  connection  with 
each  other,  make  contact  through  the  perforations  of  the  sending 
slip  with  the  metallic  drum  underneath.  This  drum  is  divided 
into  two  parts,  one  part  being  in  connection  with  the  copper  pole  of 
the  hattery,  and  the  other  with  the  zinc  pole,  the  centre  of  which 
is  permanently  in  connection  with  the  earth.  This  arrange, 
ment  is  virtually  that  of  an  automatic  double. current  key,  one 
brush  sending  positive,  and  the  other  sending  negative  currents  to 
line.  In  the  receiver  the  drum  is  not  divided,  nor  has  it  any 
direct  electrical  connection.  Two  styles  of  iron  (or  steel),  insu- 
lated from  each  other  and  kept  a  short  distance  apart,  press  upon 
the  receiving  slip.  One  of  these  styles  is  in  connection  with  the 
line  and  the  other  with  the  earth.  The  current  passes  as  it  were 
across  the  slip,  making  a  mark  on  one  side  for  a  negative  current, 
and  on  the  other  side  for  a  positive  one.  By  this  arrangement  the 
signals  are  received  either  above  or  below  the  centre  of  the  slip, 
and  the  spacing,  which  is  necessary  "by  the  old  method,  ia  dispensed 
with.  The  paper  slip  on  which  signals  are  received  is  saturated 
with  a  solution  consisting  of  proportionate  parts  of  muriate  of 
ammonia,  nitrate  of  ammonia,  red  prussiate  of  potash,  and  water, 
and  when  the  currents  pass  through  the  paper  the  solution  ia 
decomposed,  a  portion  of  the  iron  or  steel  stylet  being  dissolved, 
forming  Prussian  blue,  which  renders  the  signals  visible. 
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Tlia  apparatus  is  capable  of  transmitting,  under  suitable  con- 
ditions, at  the  rate  o£  1,500  words  a  minute,  and  while  on  exhibition 
before  the  Society  a  slip  representing  1,100  words  was  received  in 
57  seconds.  The  above  and  below  arrangement  of  signals  on  tte 
slip  seems  confusing  at  first  sight,  but  no  doubt  facility  of  reading 
is  quickly  gained  by  experience,  as  it  is  much  assisted  by  the 
marks  used  to  separate  letters  and  words. 

The  manipulation  of  the  perforator  is  not  said  to  be  faster  than 
that  of  the  Wheatstone  perforator,  but  by  making  the  perforations 
in  the  peculiar  form  for  which  it  is  arranged,  it  enables  the  signals 
to  be  sent  so  as  to  come  out  on  the  receiving  slip  in  the  manner 
described. 

An  automatic  regulating  brake  is  attached  to  both  perforator, 
transmitter,  and  receiver,  and  by  its  action  tolerable  uniformity  of 
speed  in  the  reTOlving  mechanism  is  secured,  A  condenser  alsoii 
attached  to  the  transmitter,  which  sends  currents  to  line  while  the 
transmitting  brush  is  pafising  over  the  short  spaces  between  per- 
forations,  and  ensures  a  continuous  mark  being  made  to  represent 
a  dash  when  required,  instead  of  a  series  of  dots  representing  a 
dash.  The  apparatus  is  the  joint  invention  of  Messrs.  Foote, 
Bandall,  and  Anderson,  of  the  United  States,  where  it  is  now 
used  by  the  American  Eapid  Telegraph  Company  between  Boston 
and  New  York,  a  diatance  of  250  miles. 
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The  Ninety-second  Ordinary  General  Meeting  of  the  Society  -was 
held  on  Wednesday  evening,  November  24th,  1880,  at  the 
Institution  of  Civil  Engineers,  25,  Great  George  Street, 
Westminster — Mr.  W.  H.  Pheece,  President,  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  confirmed, 
and  the  names  of  new  candidates  announced,  also  that  the  following 
Associates  had  been  transferred  to  the  class  of  Members : — 
James  D.  Doyle. 
E.  J.  Paterson. 
E.  March  Webb. 

The  PhesIDBMT  ;  Gentlemen, — It  is  an  interesting  fact  that  I 
have  to  announce  to  you,  viz.,  that  a,t  our  last  meeting  the  Trustees 
of  the  Ronalds  Library,  who  were  present,  unanimously  decided 
that  this  Society  had  completely  and  satisfactorily  complied  with 
all  the  requirements  of  the  deed  of  gift  by  which  such  a  splendid 
library  was  given  to  us.  The  subject  of  the  opening  of  the  Library 
to  the  members,  and  also,  under  proper  regulations,  to  the  public, 
is  receiving  tbe  consideration  of  the  Council,  and  I  hope  that  by 
the  General  Meeting,  which  will  take  place  on  December  22nd,  a 
proposal  will  be  submitted  to  the  members  which  will  meet  with 
the  general  approval  of  the  whole  Society. 

It  is  now  my  great  pleasure  to  introduce  to  you  Mr.  J.  W. 
Swan,  from  Newcastle-on-Tyne,  who  has,  in  hb  own  opinion,  solved 
that  very  difficult  question  of  the  sub-division  of  tbe  electric  light, 
and  will  exhibit  lamps  constructed  on  his  new  principle. 

THE  SUE-DIVISION  OF  TEE  ELECTRIC  LIGHT. 

By  J.  W.  Swan. 

Electric  lighting  by  means  of  the  arc,  and  by  the  incandescence 

of  thin  abutting  carbon  rods,  has  recently  been  discussed  in  an 

exhaustive  manner  at  two  of  your  meetings.     The  one  other  mode 

of  electric  lighting  besides  the  two  I  have  mentioned,  namely,  by 

the  white  heat  of  a  continuous  conductor,  was  barely  glanced  at 

i-in  these  discussions.     This  method  of  electric  Hghting  is,  however, 

theoretically  so  good,   that,  supposing   the  practical  dvffisMMwas. 
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■which  Burrotuid  it  can  be  aurmounted,  it  instantly  assumes  a 
position  of  importance  far  above  that  of  the  methods  upon  which 
you  have  so  recently  bestowed  exclusive  attention. 

At  the  invitation  of  the  President,  I  have  undertaken  to  place 
before  you,  very  briefly,  some  of  my  ideas  on  this  neglected 
branch  of  the  subject,  and  to  exhibit  to  you  some  of  the  practical 
results  at  which  I  have  arrived. 

Everybody  in  the  least  acquainted  with  the  subject  knows, 
that  if  we  exclude  from  consideration  this  last-named  method, 
lighting  by  means  of  electricity  has  an  extremely  limited  range 
of  application. 

Electric  light,  as  produced  by  the  arc,  in  foci  of  great 
luminosity,  is  unquestionably  an  economical  light  when  concen- 
tration of  light  is  advantageous,  but  even  then,  the  mechanism 
necessary  to  counteract  its  tendency  to  vary  ia  power,  the  noise 
which  is  apt  to  accompany  it,  the  trouble  and  cost  of  the  replace- 
ment of  the  carbons,  are  inherent  defects  of  such  magnitude,  as 
must  always  greatly  diminish,  and  frequently  entirely  neutralise, 
the  advantages  of  its  economy  and  extreme  brilliance. 

Where  concentrated  and  powerful  light  is  inadmissible,  and  an 
equable  distribution  of  light  by  means  of  small  light  centres  is 
required,  there  the  electric  arc  is  totally  inapplicable.  It  is 
impossible  by  that  means  to  produce  economically  such  a  small 
unit  of  light,  as  in  nine  cases  out  of  ten,  or  even  in  ninety -niDe 
cases  out  of  a  hundred,  is  required  for  practical  use.  The  moment 
you  attempt  to  produce  a  small  arc  light,  you  sacrifice  its  chi<f 
redeeming  quality,  namely,  its  economy. 

In  those  cases  where  the  arc  light  on  a  large  scale,  for 
lighting  large  spaces,  is  not  inapplicable,  much  of  the  economy 
of  the  light,  considered  merely  with  reference  to  its  aggregate 
amount,  is  lost  by  the  diminished  power  of  the  light  at  the  extreme 
margin  of  the  area  of  illumination. 

I  agree  with  the  President  in  thinking  that  it  is  not  so  much 
the  power  of  the  light  at  its  focus  that  has  in  most  cases  to  be 
considered,  as  the  amount  of  light  at  the  least  illuminated  points 
of  the  space  illuminated.  Just  as  we  say  "  the  strength  of  a 
chain  is  its  weakest  link,"  so  we  may  as  truly  say,  that  where  the 
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teneral  illumioation  of  a  certain  area  is  in  question,  the  value  of  a 

Particular  mode  of  lighting  must  be  measured  by  the  amount  of 

ight  at  the  points  of  least  illumina.tioa.     Whether  we  agree  with 

Jyou,  Mr.  President,  or  not,  aa  to  the  ratio  of  loss  in  sub.dividing 

I  the   arc   light,   I   am  certain  that   the   opinion   I   have   already 

I  expressed  will  not  seriously  be  contested  by  any  one  here,  namely, 

I  that  when  you  come   below   a  rather  large   unit  o£  light,   you 

vCannot  sub. divide  the  arc  without  great  loss.     Looking  at  the 

latter  from  this  point  of  view,  it  appears  to  me  that  the  only 

irection  in  which  we  can  move  "with  any  chance  of  substantial 

towards    the    making    electric    illumination    generally 

nupplicable,    is    the    direction    I    have    taken,    namely,   that    o£ 

■  abandoning  the  arc  altogether,  and  going  to  incandescence  pure 

Band   ample.      On  the   principle  of  incandescence,   and   on  that 

■■principle   alone,    you   can  produce  with   economy  such   a   small 

ait  of  light  as  is  required  for  domestic  use  and  general  pm-poses. 

the  principle  of  incandescence   alone,  can  you  economically 

Bvide   electric  light,  and   on   that   principle  you  can  divide  it 

[definitely.     By  means  of  incandescence  it  is  possible  to  produce 

,  single  light,  say,  of  100  candle  power ;  and  with  precisely  the 

expenditure  of   energy,   the    same    aggr^ate   amount   of 

^ht  may  be  produced  in  say  ten  separate  places. 

Being  in  your  meeting-room  at  Broad  Sanctuary  with  a  few 
Inutes  on  my  hands,  and  with  no  one  present  to  say  me  nay,  I 
>ok  the  liberty  of  taking  a  volume  from  one  of  the  shelves  of  your 
lost  excellent  library ;  it  was  the  first  volume  of  Faraday's 
^xperimiental  Researches  in  Electncity.  I  first  turned  to  the 
index  and  then  to  page  250,  and  there  I  read  this :  "  The  same 
quantity  of  electricity  which,  passed  in  a  given  time,  can  heat  one 
inch  of  platinum  wire,  of  a  certain  diameter,  red  hot,  can  also  heat 
a  hundred,  a  thousand,  or  any  length  of  the  same  wire  to  the  same 
degree,  provided  the  cooling  circumstances  are  the  same  for  every 
part  in  all  cases," 

Speaking  as  I  do,  to  Electrical  Engineers,  who  have  the  bearings 
of  Ohm's  law  at  their  finger  ends,  it  is  not  necessary  to  elaborate 
this  point.  You,  of  course,  all  recogniae  the  fact  that  a  specific 
degree  of  incandescence  produced  in  a  certain  wire  by  the  trans. 
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mission  of  an  electric  current  is  indicative  of  a  specific-current 
flow,  and  whether  a  short  piece  of  the  wire  ia  heated  to  tLe 
supposed  degree,  or  a  long  piece,  the  same  carrent  flow  will  be 
required  in  both  cases ;  and,  other  circunuitances  beiog  alike, 
whether  one  inch  is  heated,  or  one  hundred  inches,  the  only 
condition  necessary  to  be  obsen"ed  in  order  to  the  maintenance 
of  a  constant  current,  and  consequent  constancy  of  incandescence 
in  the  wire,  is  variation  of  the  electro-motive  force  exactly  as 
the  length  of  the  wire  varies. 

I  may  therefore  say,  in  strict  accordance  with  theory,  that  tbe 
indefinite  division  of  electric  light  produced  on  the  principle 
of  the  incandescence  of  a  resisting  and  refractory  conductor  is 
unattended  with  loss.  The  only  question  is  the  all. important  one 
of  the  practical  realisation  of  that  which  theory  says  is  possible. 

It  is  undeniable  that  great  practical  difficulties  attend  the 
economical  application  of  the  principle  of  incandescence.  Platinum, 
iridio-platinum,  and  carbon  are  the  chief  substances  available  for 
producing  light  on  this  principle  with  which  attempts  have  bean 
made.  The  difficulty  with  platinum  and  with  iridio-platinum 
is,  that  they  fuse  or  break  before  they  attain  a  temperature 
of  economical  incandescence ;  and  when  it  is  remembered  that 
after  a  certain  degree  of  incandescence  is  attained,  increase  of 
current  produces  much  more  than  a  corresponding  increase  of 
light,  it  will  be  evident  that  it  is  vital  to  the  economy  of  tlis 
mode  of  lighting  to  be  able  to  heat  the  incandescent  body  to 
a  very  high  degree.  Mr.  Edison  has  stated  that  by  frequently 
heating  and  cooling  a  platinum  wire  in  vacuo,  it  sustains  a  veij 
much  higher  temperature  without  fusion  (perhaps  it  would  be 
more  strictly  accurate  to  say,  without  rupture),  than  when  notso 
treated.  Kotwithstanding  this  improvement  in  the  adaptation  of 
platinum  to  incadesce  nee -lamps,  and  notwithstanding  also  some 
very  ingenious  contrivances  to  guard  against  fusion  of  the  wire,  I 
think,  perhaps,  one  is  warranted  in  the  assumption,  that  tbe 
abandonment  of  this  form  of  lamp,  and  the  taking  up  with  carhru 
instead  of  platinum,  is  an  acknowledgment  of  its  non-success. 
Carbon  has  been  more  attractive  to  experimenters  in  this  field 
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of  research  than  platinum,  and  a  mucli  more  tangitle  result  has 
been  attained  by  its  mediation. 

Since  1845,  when  King  proposed  to  produce  electric  light  by 
means  of  a  continuous  carbon  conductor  intensely  heated  by  the 
passage  of  a  current  of  electricity,  there  have  been  numerous 
attempts  to  realise  a  useful  form  of  electric  light  by  means  of 
white-hot  carbon. 

It  is  needless  to  say  that,  in  order  to  make  the  carbon  in  an 
incandescent  lamp  give  forth  a  useful  amount  of  light,  it  must 
be  made  very  hot,  so  hot  that  it  would  immediately  burn  if  there 
were  air  present.  There  are  lamps,  generally  called  incandescence- 
lamps,  in  which  no  precaution  is  taken  to  prevent  combustion, 
such  are  the  Werdermann,  Eeynier,  and  Andre  lamps.  These 
lamps  ought  not  to  be  classed  as  incandescence-lamps  in  the  sense 
in  which  alone  I  use  that  term,  viz.,  to  describe  lamps  in  vrliich 
there  is  white  heat  without  combustion.  No  extensive  economical 
sub-division  of  the  light  by  lamps  in  which  there  is  combustion  is 
to  be  hoped  for.  The  true  incandescence- lamps  prevent  the  com- 
bustion of  the  carbon  in  one  of  two  ways,  either  by  the  entire 
exhaustion  of  the  air  from  the  chamber  in  which  the  heated  carbon 
is  placed,  or  by  the  filling  of  the  chamber  with  an  inert  gas,  such 
as  nitrogen.  Both  these  expedients  were  tried  by  the  early  experi- 
menters, and  both  have  still  their  advocates. 

Many  of  the  older  attempts  to  utilise  carbon  as  the  medium 
of  incandescence,  for  a  time,  appeared  to  be  successful ;  but 
eventually  they  disappointed  the  hopes  they  had  raised  at  the 
outset.  They  failed  from  three  causes,  any  one  of  which  was 
&uSicient  to  cause  failure.  First,  the  carbons  employed  were  so 
thick  as  to  require  a  large  current  to  produce  the  required 
temperature  in  them,  and  consequently  the  light  was  not 
economical ;  second,  the  carbons  were  not  durable ;  and,  third, 
the  lamp-glass  speedily  became  obscured.  It  is  long  since  I 
attempted  to  grapple  with  the  first  of  these  difficulties. 

As  a  matter  of  history,  I  wdl  briefly  describe  an  experiment 
which  I  tried  about  20  years  ago.  I  had  a  number  of  pieces  of 
paper  and  card  of  various  forms  and  sizes  buried  in  charcoal  in  a 
crucible.     This  crucible  I  sent  to  be  heated  white-hot  m  ti-oa  "il 
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the  pottery  kilns  belonging  to  Mr,  "Wallace  of  Forth  Banks,  New- 
castle. From  tho  pieces  of  carbonized  card  which  I  thus  obtained 
I  selected  a  long  spiral ;  the  ends  of  this  I  clipped  between  small 
blocks  of  carbon  carried  by  uprights  and  connected  with  conducting 
'wires.  A  small  glass  ghade  was  cemented  over  this  mounted 
carbon  spiral,  and  the  air  was  exhausted  by  means  of  a  very  good 
air-pump  lent  to  me  for  the  purpose  of  this  experiment  by  the 
Rev.  Robert  Green  of  Longhoreley.  A  good  vacuum  (according  to 
the  ideas  that  then  prevailed)  having  been  produced,  I  applied  the 
wires  of  my  battery  (consisting  of  10  cells  of  Callan's  modificatioa 
of  Grove's  battery),  with  great  expectation  of  a  brilliant  result: 
instead  of  this  there  was  the  most  absolute  negative  presented  to 
me ;  not  a  vestige  of  heat  or  light  appeared  in  my  long  ringlet  of 
carbonized  paper.  It  was  evident,  and  I  immediately  recognised 
the  fact,  that  the  electric  current  of  the  strength  I  was  using 
would  not  go  in  sufficient  quantity  through  so  long  a  piece  of 
carbon  as  I  had  taken.  I  therefore  repeated  the  experiment  with 
shorter  carbon  and  a  greater  number  of  cells,  and  I  obtained,  under 
these  altered  circumstances,  an  extremely  interesting  result. 

My  carbon  was  in  the  form  of  an  arch  about  one  inch  in  height 
and  width,  and  the  strip  forming  the  arch  a  quarter  of  an  inch 
broad.  The  ends  of  the  arch  were  held  in  small  clamps,  with 
square  blocks  of  carbon. 

The  air  pump  having  been  worked,  I  had  the  pleasure  of  seeing 
that  when  contact  with  the  battery  of  40  or  50  cells  was  completed, 
my  carbonized  paper  arch  became  red-hot,  and  it  was  evident  that 
nothing  more  was  wanted  than  a  still  stronger  current,  to  make  it 
give  out  a  brilliant  light ;  but  I  had  used  up  all  the  battery  power 
at  my  disposal,  and  having  reached  this  limit,  I  contented  myself 
with  watching  the  behaviour  of  the  arch,  the  engrossing  question 
being— how  long  will  it  endure  ?  I  noticed  that  the  inner  part  of 
the  arch  was  hotter  than  the  outer  part,  and  that,  perhaps  in 
consequence  of  this,  the  arch  became  bent  en  one  side.  This 
bending  gradually  increased,  until  at  last  the  arch  had  so  far  curled 
down  that  the  top  was  on  a  level  with  the  clamps,  and  on  coming 
in  contact  with  the  sole  of  the  lamp  it  broke  in  two,  and  the 
experiment  collapsed. 
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That,  I  confidently  believe,  was  the  very  first  instance  in  which 
rbonized  paper  was  ever  used  in  the  construction  of  an  incandes, 
int  carbon  lamp.  I  am  now  speaking  of  twenty  years  ago,  and  at 
at  time  the  Voltaic  battery  was  the  cheapest  source  of  electricity 
lown,  and  the  means  of  producing  high  vacua  were  very  much 
Bs  perfect  than  they  are  now. 
I  laid  my  electric  esperiments  aside  until  about  three  years 
ago,  when  two  things  concurred  to  lead  me  to  pursue  the  subject 
xeah.  The  discovery  of  the  dynamo-electric  machine  had  entirely 
tered  the  position  of  the  question  of  electric  lighting,  shifting  it 
t  of  the  region  of  things  scientifically  interesting  into  that  of 
iDga  practically  useful.  The  Sprengel  air-pump,  too,  had  been 
ivented,  and  with  its  invention  Tve  had  been  provided  with  a 
ians  of  producing  much  higher  vacua  than  could  be  produced  by 
B  old  form  of  air-pump.  Mr.  Crookes'  radiometer  esperiments 
d  shown  us  what  a  really  high  vacuum  was,  and  how  to  produce 
Mr.  Stearn,  of  Birkenhead,  an  ardent  scientific  amateur,  was 
attracted  by  the  extraordinary  results  Mr.  Crookes  had  obtained 
■  means  of  high  vacua,  as  to  go  with  great  enthusiasm  into  the 
me  line  of  experiment,  and  he  soon  acquired  such  a  knowledge  of 
le  Sprengel  pump,  and  such  expertness  in  its  manipulation,  as 
irhaps  was  only  equalled  by  Mr.  Crookes  himself.  I  had  the 
od  fortune  to  make  Mr.  Steam's  acquaintance,  and  that  was  the 
her  one  of  the  determining  causes  of  my  second  attempt  .to  solve 
le  problem  of  electric  lighting  by  the  incandescence  of  carbon, 
ir  it  is  to  the  invention  of  the  Sprengel  pump  and  to  the  many 
lirable  lessons  in  the  use  of  it  which  Mr.  Crookes  has  given  ua 
lat  we  are  indebted  for  the  means  we  now  possess  of  attaining  to 
le  condition  essential  to  the  successful  employment,  in  electric 
nips,  of  thin  strips  or  filaments  o£  carbon. 

But  if  the  employment  of  carbonized  paper  got  rid  of  the  diffi- 
ilty  as  to  the  waste  of  current  due  to  the  thickness  of  the  carbon, 
lere  still  remained  the  other  two  difficulties,  viz.,  the  tendency  of 
the  carbon  to  disintegrate  and  break  and  the  obscuration  of  the 
globe.  How  formidable  those  difficulties  are  may  be  judged  of  by 
the  following  extract  from  Fontaine's  well-known  treatise  on 
electric  lighting,  in  which  he  gives  us  the  results  of  his  experiments 
in  the  production  of  light  by  incandescence. 
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At  page  180  this  passage  occurs:  "Attentive  examination  of 
incandescent  carbons  through  a  strongly. coloured  glass  has  shown 
that  they  are  not  uniformly  hrilliant ;  they  present  obscure  spots, 
indicative  of  noo-homogenity  and  the  position  of  cracks,  Tvhitii 
rapidly  disintegrate  the  carbon.  The  vacuum  never  being  perfe't 
in  the  receivers  the  first  carbon  is  in  greater  part  consumed.  It 
would  appear  that  consequently  upon  the  little  osygeu  contained 
in  the  lamp  being  transformed  into  carbonic  acid  and  carbonic 
oxide,  the  carbon  should  bo  preserved  indefinitely ;  but  there  ia 
then  produced  a  kind  of  evaporation  which  continues  to  slow^ 
destroy  the  incandescent  rods.  This  evaporation  is,  besides, 
clearly  proved  by  a  pulverulent  deposit  of  sublimed  carbon  that 
we  have  found  on  the  interior  surface  of  the  bells  on  the  seveml 
interior  parts,  rods,  contacts,  hammers,  &c." 

It  never  seemed  to  me  conclusively  proved  that  M.  Fontaine's 
theory  of  the  breaking  of  the  carbons  and  the  obscuration  of  the 
globes  was  correct,  and  I  did  not  accept  it.  I  remembered,  ia 
instance,  how  impossible  Mr.  Crootes  had  found  it  to  produce  a 
really  high  vacuum  in  vessels  with  luted  joints,  and  I  knew  how 
commonly  luted  screw  joints  had  been  used  in  the  fittings  of 
incandescent  lamps.  I  know,  too,  that  the  common  air-pump  had 
generally  been  employed  as  the  means  of  exhausting  the  air. 
Then,  too,  the  mode  of  attachment  of  the  carbon  to  the  conducton 
conveying  the  current  to  it  had  been  such  as  must  inevitably  lead 
to  excessive  local  heating,  and  even  to  the  occurrence  of  disruptive 
discharge  about  the  points  of  attachment. 

Watching  the  course  of  events  in  relation  to  electric  lighting 
experiments,  and  observing  the  very  imperfect  conditions  under 
which  generally  those  experiments  were  conducted — ajid  that  full 
advantage  had  not  been  taken  of  the  new  powers  which  the  pro. 
gress  of  scientific  research  had  placed  within  oiir  reach — I  &rm 
years  ago  returned  to  the  quest  with  the  distinct  purpose  of 
finding  whether  or  not  carbon  made  from  carbonized  card,  and 
carbonized  paper,  were  durable  in  a  really  high  vacuum,  soch  as 
Mr.  Crookes  had  employed  in  his  experiments  on  the  radiometer 
This  time  I  had,  as  I  have  mentioned,  the  great  advantage  of  the 
assistance  of  Mr,  Steam,  of  Birkenhead,  who  in  addition  to  beiog 


0.]  THE  SUB-DIVISION  OF  THE  ELECTKIC  LIGHT. 


I 

^^Kceediugly  expert  in  the  manipulation  of  the  Sprengel  air-pump, 
^^K  aD  admirable  experimentalist  generally.  Since  then  esperi- 
^Hents  without  number  have  been  made  by  us  with  the  view  of 
J  surmounting  the  various  practical  difficulties  of  which  I  have 
-  spoken,  chiefly  the  breaking  of  the  carbons  when  made  highly 
^incandescent,  and  the  blackening  of  the  globes.  Tolerably  good 
a  were  obtained  with  carbonized  paper  and  carbonized  card- 
pard,  but  latterly  I  have  found  a  material  (a  form  of  carbon) 
hich  is  very  much  better  suited  to  the  purpose.  With  this  new 
laterial  the  lamps  which  I  am  about  to  exhibit  to-night  are  fitted. 
Here  is  one  of  my  carbons.  It  is,  you  will  observe,  an 
rtremely  thin  carbon  wire  about  'Ol  of  an  inch  in  diameter,  and 
eighs  about  the  "02  of  a  grain  to  the  inch.  It  is  both  hard  and 
astic,  so  much  eo,  as  more  to  resemble  a  fine  steel  wire  than 
kibon.  Its  hardness  and  non-combustibilify  increase  with 
pgthened  use.  After  being  used  some  time  it  becomes  so 
ifficult  of  combustion  as  to  bear  heating  in  a  blow-pipe  flame  for 
considerable  time  before  it  burns  away, 

I  am  able  to  shape  this  carbon  wire  into  circles  or  spirals  or 
Imost  any  form,  and  to  thicken  the  ends  so  as  to  make  a  good  and 
rtensive  contact  with  the  holding  sockets.  A  current  of  less  than 
Weber  going  through  this  carbon  wire  raises  it  to  a  state  of 
illiant  incandescence,  and  if  the  current  much  exceeds  that 
nount  then  the  light  becomes  splendid.  I  have  not  yet  finally 
pertained  what  is  the  greatest  amount  of  light  that,  with  sufficient 
Bgard  to  durability,  can  be  obtained  by  means  of  one  of  those 
[lirals  of  not  more  than  ^th  of  an  inch  total  superficial  area,  I 
ave  taken  a  few  photometric  measurements,  60  candle-power 
one  lamp  being  the  greatest  amount  of  light  actually 
aeasured ;  that  degree  of  luminosity  was  produced  with  about  one 
(Veber  of  current,  and  100  volts.  E.M.F.  I  have  seen  at  least 
cuble  this  light  from  each  lamp.  At  Sir  William  Armstrong's, 
it  Cragside,  there  were  sixteen  lamps  hanging  in  the  picture 
gallery,  the  current  from  a  large  Siemens'  machine  was  divided 
between  these  and  a  resistance  coil.  For  a  minute  or  two  the 
resistance  coil  was  cut  out  by  siort  circuiting,  then  the  short 
circuit  contact  was  broken  and  the  resistance  coil  left  out,  so  that 
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the  full  corrent  from  the  generator,  the  poteDtial  raised  to  a  very 
high  degree  by  the  short  circuiting,  rushed  in  a  torrent  through 
the  sixteen  lamps ;  there  then  occurred  the  most  glorious  outbuisi 
of  light  I  ever  beheld.  It  was  truly  splendid !  It  lasted  I  should 
say  full  five  minutes,  and  then  subsided  to  normal  brilliance. 

The  economy  of  this  method  of  producing  electric  light  by 
the  incandescence  of  carbon  in  vacuo  is  limited  by  the  capacity  of 
the  slender  conductor  to  endure  the  enormously  high  temperature 
corresponding  to  an  extreme  degree  of  incandescence,  It  is  certain 
that  the  carbons  are  more  durable  when  heated  to  a  moderate 
degree  than  when  their  temperature  is  pushed  to  an  extremely 
high  point.  It  is,  therefore,  still  an  open  question  what  is  the 
most  light  that  can  be  practically  obtained  by  means  of  such  lamps. 
We  do  however  know  this,  that  a  well  made  lamp  of  this  size 
will  endure  for  several  months  if  it  be  not  pressed  to  give  mora 
than  the  light  of  30  standard  candles.  It  is  quite  likely  when  tlie 
manufacture  is  improved,  as  it  will  be  by  practice,  that  twice  this 
amount  of  light  may  be  exacted  without  too  much  limiting  ita 
durability. 

The  vacuum  in  the  lamps  is  very  high — in  fact  it  is  carried  to 
that  point  at  which  it  is  practically  non-conducting. 

The  lamps  which  are  hung  about  the  Theatre  are  arranged  in 
parallel  arc,  I  have  elsewhere  expressed  the  opinion,  that  with 
the  lamps  so  arranged  the  current  cannot  be  economically  supplied 
at  a  great  distance  from  the  generator ;  to  accomplish  that  end 
and  render  it  feasible  for  current  supply  to  be  sent  from  a  centre 
over  a  wide  area,  as  gas  through  mains,  it  will,  I  think,  be 
necessary  to  use  a  very  high  electro-motive  force  and  arrange  the 
lamps  in  series.  The  diiSculties  which  are  incident  to  that  method 
are,  I  hope,  not  insuperable  ;  extinction  of  a  line  of  lamps  from  the 
failure  of  one  of  the  lamps  of  the  series,  could  be  guarded  against 
by  a  very  simple  form  of  automatic  by-way,  and  the  potential 
of  the  current  could  be  made  to  rise  or  fall  correspondingly  with  a 
variation  of  the  resistance,  and  so  as  to  maintain  a  constant  cnrrent; 
however  few  or  however  many  lamps  were  lighted. 

The  resistance  of  the  lamps  obviously  depends  on  the  lengtt 
and  thickness  of  the  carbon  wire.     Those  I  have  spoken  of  m 
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^Rmitting,  when  moderately  heated,  a  light  equal  to  30  standard 

^Kmdles,  have  a  resistance  of  ahout  100  Ohms  when  cold.     I  have 

Vtnade  them  of  twice  that  resistance,  but  even  then  it  would  _be 

impossible  to  feed  at  a  distance  a  large  group  of  lamps  arranged  in 

parallel  arc  with  a  small  conducting  wire. 

I  have  said  nothing  about  cost,  beyond  giving  you  one  or  two 
facts,  which  will  afford  you  the  basis  of  an  approximately  correct 
computation,  and  from  which  it  will  appear  that  while,  by  the 
incandescence  of  thin  conductors  of  carbon,  a  certain  current^does 
not  give  so  large  a  return  in  light .  as  when  employed  to  produce 
the  electric  arc  between  carbon  points  on  a  large  scale,  yet  tlie 
amount  of  light  developed  by  a  given  expenditure  of  power  is 
amply  sufficient  to  warrant  the  statement  tbat  it  is  an  economical 
source  of  ligbt. 

I  will  now  turn  the  current  on  to  the  lamps,  and,  if  the 
arrangemeuts  which  have  kindly  been  made  by  Mr.  Ward  and 
Mr.  Fleetwood  are  what  I  expect,  we  shall  see  bow  they  behave 
in  the  presence  of  so  critical  an  audience, 

The  Phesidest  :  It  is  not  often,  gentlemen,  that  we  hear  such 
a  round  of  applause  in  this  room  as  has  greeted  the  completion  of 
this  admirable  and  excellent  paper.  But  that  applause  was  richly 
and  deservedly  merited,  and  no  formal  vote  of  thanks  to  Mr.  Swan 
is  needed ;  but  to  follow  out  our  ordinary  rule,  I  will  ask  one  or  two 
of  those  gentlemen  whose  names  are  associated  with  Electric 
Lighting  to  carry  out  our  course  of  proposing  a  vote  of  thanks 
before  the  close  of  this  meeting.  But,  first,  I  should  like  some  of 
the  members  present  to  elicit  further  information  from  Mr.  Swan 
by  questions,  or  to  add  further  interest  to  the  paper  by  any  com- 
ments they  may  wish  to  make  upon  it.  There  are  present  among 
us  Gas  Engineers,  who  may  perhaps  feel  a  little  uncomfortable ; 
there  are  also  present  Electrical  Engineers,  who  are  following  the 
progress  of  Electric  Lighting  as  a  profession,  or  for  the  love  of  their 
profesijion,  and  I  will  ask  each  and  all  of  such  gentlemen  to  add 
interest  to  the  paper,  either  by  relating  their  original  experience, 
or  by  criticising,  if  they  can,  the  very  admirable  lecture  we  have 
just  listened  to.  There  is  Mr.  Crorapton,  for  instance,  whose  no.ma 
VOL.  i;^^^^^^^^.        -Jii 
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has  been  mentioned  already  by  Mr.  Swan,  and  whom  we  all 
and  who  has  recently  heen  the  successfid  competitor  m  an  EI( 
Light  Exhibition,  with  his  arc  lamp. 

Mr.  Ceompton  :  When  Mr,  Swan  first  showed  me  this  beai 
light,  I  felt  for  a  moment  as  if  I  were  a  gas  shareholder,  and' 
my  means  of  existence  and  vocation  as  a  manufacturer  of  eli 
arc  mncliioery  was  most  seriously  threatened ;  on  second  thonghti 
I  saw  that  there  was  room  for  us  all. 

I  have  been  to  Newcastle  and  seen  the  light  in  its  home, 
measured  Ihe  currents  used,  and  satisfied  myself  6f  the  easy 
adaptability  of  the  light  for  domestic  use. 

As  regards  the  economy,  I  think  it  will  be  found  that  the  ligW» 
shown  to-night,  although  not  so  economical  as  the  large  arc  ligbti 
such  33 1  have  been  using,  will  be  more  economical  than  the  smaller 
arc  lights  used  by  those  who  suhJivide  the  current  to  any  exteu'. 
In  comparing  the  economy  with  that  of  gas,  I  think  Mr.  Sw:i;. 
showed  conclusively  at  Newcastle  that  a  certain  quantity  of  ^r  ■ 
used  in  a  Orossley  gas  engine  to  drive  a  Gramme  dynamo-electi  i' 
machine  and  20  of  Mr,  Swan's  small  lights,  gave  a  better  illumi- 
nating effect  than  the  same  quantity  of  gas  used  through  ordinary 
burners,  in  the  ratio  of  2  to  1.  Perhaps,  if  the  best  Argand  bumes 
are  used,  the  ratio  would  not  be  more  than  1'5  to  1.  But  in  making 
calculations  of  the  relative  economy  of  this  new  light,  we  must  not 
lose  sight  of  the  fact  that  a  very  slight  difference  in  the  direction 
of  reducing  the  resistance  of  these  delicate  filaments  of  carbon,  by 
shortening  them,  makes  an  enormous  alteration  in  the  amount  of 
light  obtainable  from  a  given  current  poi\er.  If  I  mistake  not, 
Mr.  Swan  showed  to  me  that  by  reducing  the  length  of  the  filamen! 
one-half,  thereby  halving  its  resistance,  a  five-fold  light  WM 
obtained.  The  question  at  once  suggeate  itself  How  far  will  thfl 
durability  of  the  lamp  he  effected  by  this  shortening  of  lie 
iilament  ?  as  of  course  the  action  over  the  smaller  surface  of  carbon 
is  enormously  intensified.  I  think  the  problem  Mr.  Swan  has  now 
to  work  out  is,  the  exact  degree  of  current  action  to  which  he  n'-' 
submit  the  carbon  and  yet  get  a  fair  life  out  of  it.  There  is  el' 
doubt  that  the  public,  when  crying  out  for  an  electric  light  suitable 
for  domestic  purposes,  do  not  look  for  *  light  somewhat  more  diogj 
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than  the  gaslight  they  now  possess,  and  they  will  not  be  satisfied 
"w^ith  units  of  ten  candles  such  as  the  row  of  lamps  on  the  small 
frame  in  the  centre  of  the  room.  Mr.  Swan  will  have  to  be  pre* 
pared  to  improve  his  manufacture  until  he  gets  a  lamp  that  will 
last  for  at  least  two  months,  standing  such  a  current  as  is  now 
being  passed  through  the  lamps  on  the  large  frame.  With  the 
above  duration  of  two  months  only,  I  think  such  a  lamp  will 
easily  beat  gas  in  economy. 

As  an  arc  lighter,  I  do  not  accept  Mr.  Swan's  sweeping  state* 
xnent  that  the  uses  for  the  arc  light  are  veiy  few :  in  my  opinion 
they  are  very  considerable,  and  increase  daily.  People  are  begin- 
ning to  be  no  longer  satisfied  with  having  their  streets,  squares, 
and  enormous  railway  stations  dimly  lighted  throughout  a  stra- 
tum twelve  feet  high  from  the  ground :  they  want  the  whole  place 
illuminated  from  floor  to  ceiling,  from  pavement  to  the  top  of  the 
houses.  This  can  be,  and  is  done  by  the  arc  light  well  and  econo- 
mically, and  I  do  not  think  that  Mr.  Swan  will  be  able  to  touch  us 
here  with  his  small  incandescent  lamps. 

Dr.  J.  HOFKINSON  stated  that  he  did  not  think  small  arc  lights 

were  necessarily  wanting  in  economy.     The  probable  reason  of  the 

low  economy  actually  obtained  with  small  arc  lamps  was  that  they 

had  generally  been  produced  by  an  alternating  current,  and  there 

were  theoretical  reasons  why  an  alternating  current  should  be  less 

economical  with  an  arc  lamp  than  a  continuous  current.    These 

reasons  did  not  apply  with  the  same  force  to  an  incandescent  lamp. 

Mr.    Alexander   Siemens  :    I    agree    generally   with   Mr. 

Grompton  that  the  arc  light  is  not  superseded  by  Mr.  Swan's  lamp ; 

but  Mr.  Swan's  remarks  as  to  the  applicability  of  the  arc  light 

ought  to  be  judged  in  a  different  way  than  as  put  by  Mr.  Swan. 

If  it  is  desired  to  illuminate  a  large  space  imperfectly,  it  may  be 

done  by  a  large  number  of  small  lamps,  but  if  it  is  to  be  lighted 

brilliantly,  in  my  opinion  nothing  better  can  at  present  be  found 

than  the  arc  light.    Any  one  visiting  the  British  Museum  will  find 

the  reading-room  of  that  institution  illuminated  about  as  perfectly 

as  possible  by  arc  lights.    Small  lights  have  been  tried  in  the  same 

room,  but  were  found  wanting.    In  point  of  economy  I  do  not  think 

that  small  lights,  are  as  cheap  as  arc  lights,  but  for  small  rooms  and 


BS2  DISCUSSION  ON  ME.  SWAN'S  PAPEH.  [Nov.Jil, 

wbere  a  division  of  the  light  is  desirable,  small  lights  only  ■a-.. 
applicable.  As  to  the  competition  of  the  Electric  Light  ffci" 
Qfts,  I  have  very  little  to  add,  but  think  it  is  quite  right  on  Mr 
Swan's  part  not  to  imitate  some  American  friends  of  ours  and  s/ 
that  his  lights  would  supersecle  gaa  at  once.  On  the  contrary,  Ji: 
Swan  throws  out  hope  for  the  gas  shareholders,  and  I  believe  mj- 
self  that  competition  will  increase  the  uses  to  which  gas  maybe 
put,  Buch  as  heating  and  cooking,  which  extension  of  the  gas  field 
will  make  room,  perhaps  slowly,  but  surely,  for  small  electric  lights 
for  rooms  and  domestic  illumination,  but  will  not  destroy  the 
utility  of  the  arc  light  for  large  areas  and  buildings, 

Mr.  Behlt  had  enjoyed  listening  to  the  paper,  so  far  as  bi 
knowledge  of  the  English  language  would  permit  him  to  do>' 
■while  it  was  being  read.  He  would  have  some  observations  1'? 
make  on  the  subject,  but  preferred  to  postpone  them  until  he  had 
carefully  read  the  paper,  and  properly  digested  it.  It  was  hiB 
opinion  that  the  future  would  not  belong  entirely  to  small  lamps. 
for  if  it  were  not  desirable  to  concentrate  light,  the  prestL; 
system  of  gas  lighting  gave  every  facility  for  infinite  subdivision  ; 
yet  in  many  cases  concentration  by  eun-bumers  and  such  like 
alone  was  aimed  at. 

Professor  Ttndall,  F.H.S.  :  T  have  merely  to  congratulate  Mr. 
Swan  on  the  success  of  his  long-continued  course  of  experiments. 
They  promise  to  be  very  important.  The  question  remainii^  te 
be  decided  is  one  which  he  himself  has  touched  upon,  and  that  a 
the  durability  and  fruedom  from  accident,  whether  through  shocks 
or  through  changes  in  the  supply  of  electricity  of  these  extra- 
ordinary  filaments  of  carboD,  regarding  which  my  curiosity  is 
something  similar  to  that  of  Dr.  Hopkinson.  I  believe  that  Binall 
and  handy  lamps  such  as  Mr.  Swan  describes  may  possibly  be 
turned  to  account  in  our  coal  mines.  It  would  be  easy  to  encln- 
such  small  lamps  in  water,  so  that  they  might  thereby  be  protec  . 
from  any  possible  connection  with  the  explosive  gases  of  the  miu' 
"We  are  therefore  in  a  field  which  I  trust  may  be  explored  wi^ 
the  view  of  rendering  less  numerous  those  shocking  calamiii' 
which  distress  us  from  time  to  time.  1  will  only  repeat  the  wi- 
that  Mr.  Swan  may  go  forward  to  still  further  successes,  and  tlu 
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'hen  they  are  duly  tested  he  will  find  his  filaments  of  carbon 
durable,  and  not  liable  to  he  easily  deranged.  This  is  the  point 
of  chief  importance  as  regards  the  practical  aspect  of  the  question. 
Continued  experiments  will  determine  this  point,  and  should  it  ha 
settled  satisfactorily,  it  may  be  said  that  Mr.  Swan's  success  baa 
been  completed. 

Mr.  J.  N.  Shoolbred  :  Like  previous  speakers,  I  find  it 
difiicult,  without  any  precise  knowledge  as  to  the  nature  and 
mode  of  manufacture  of  Mr.  Swan's  carbon  lamps,  to  dweE 
upon  the  merits  of  the  system,  unless  it  is  to  admire  the  soft  and 
pleasing  effect  produced  generally,  and  to  await  a  fuller 
acquaintance  with  the  system  before  attempting  to  pronounce  any 
definite  opinion  as  to  its  merit  relatlvaly  to  that  o£  other  electric 
lights. 

Upon  one  or  two  of  Mr.  Swan's  remarks  on  the  arc  lights, 
made  in  the  earlier  part  of  his  paper,  I  would,  however,  make  a 
few  observations.  First,  as  to  the  absence  of  accurate  information 
with  the  respect  to  the  intensity  of  the  arc  light  afforded  by  those 
systems  which  provide  a  number  from  a  single  electric  machine. 

It  may  be  interesting  to  mention  that,  at  the  St.  Lazare 
Station  of  the  Western  of  France  Railway,  in  Paris,  a  number  of 
very  accurate  photometric  measurements  were  carried  out  in  1878, 
hy  the  officials  of  that  railway,  upon  a  series  of  Lontin  lights  ;  18 
of  which,  supplied  from  two  sets  of  alternate. current  machines  of 
that  system,  were  then  in  use  at  that  station.  Each  light  was 
found  to  have,  on  an  average,  an  intensity  of  about  570  candles, 
measured  on  the  horizontal. 

I  entirely  coincide  with  Mr.  Swan  in  deploring  that  the  trials 
of  the  several  systems  of  electric  lights,  at  the  recent  eshibition  of 
apparatus  for  lighting,  Sue,  held  at  the  Bumhank  Drill  Hall, 
Glasgow,  were  not  carried  out  in  their  entirety,  especially  as 
regards  the  "Brush"  system.  For  by  this  system  are  produced 
a  number  of  moderate  sized  arc  lights  from  one  continuous-current 
raachine ;  a  counterpart,  to  a  certain  degree,  of  what  is  effected 
by,  the  "Lontin"  system  with  an  alternating-current  machine. 
An  accurate  knowledge  of  the  intensity  of  each  of  the  Brush  lights, 
and  of  its  proportionate  expenditure  of  mechanical  energy,  would, 
therefore,  in  the  interests  of  science,  have  been  otmudlo.'saX^^. 
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The  proportion  of  candle-power  per  horse-power  with  tie 
larger  arc  lights,  one  on  a  circuit,  such  as  on  the  Gramme  and  cm 
the  Siemens  systems,  arrived  at  by  accurate  photometric  and 
other  measurements  by  several  independent  observers,  may  \» 
taken  as  ranging  from  1,000  to  1,200  candles,  measured  on  the 
horizontal. 

It  may  also  be  of  interest  to  endeavour  to  form  a  rongb 
approximation  of  the  proportion  of  power  taken  by  the  lamps  of 
Mr.  Swan,  now  in  this  room.  I  am  informed  that  they  ara 
supplied  with  the  electric  current  from  a  "B"  size  Gramme 
machine.  If  so,  it  would  probably  be  absorbing  from  4  to  5 
horse-power.  There  are  before  us  twelve  glass  globes  lighting  He 
room,  each  containing  three  of  Mr.  Swan's  incandescent  carbon 
lamps,  of  probably  '20  candle-power  each.  Hence  we  shall  haire 
12  X  3  X  20  =  720  candles'  intensity  altogether,  which,  being 
divided  by  4  horse-power,  gives  180  candles'  intensity  as  the  result 
of  each  horse.power  expended ;  a  result  considerably  less  econo- 
mical than  with  any  of  the  arc  lights. 

Indeed,  Mr.  Swan's  system,  while  extending  electric  lighting 
to  the  domain  of  domestic  use,  does  not  appear  to  interfere  with 
the  sphere  of  the  ordinary  carbon  lights,  more  especially  of  the 
arc  lights,  the  economy  of  which  still  remains  undisturbed. 

The  success  of  Mr.  Swan's  system  of  electric  lighting  depends 
entirely,  as  has  been  said  by  Professor  Tyndall  and  by  other 
speakers,  upon  the  durability  of  the  lamp,  so  as  to  remain  fit  for 
use  without  being  renewed  for  at  least  several  months. 

Professor  Ateton  :  Without  troubling  ourselves  about  the  form 
of  dynamo -electric  machine  or  of  steam  engine  which  Mr.  Swan  is 
employing,  the  information  he  has  himself  given  us  will  CLable  a 
calculation  at  once  to  be  made  of  the  relative  economy  of  his 
incandescent  lamps  and  a  good  arc  lamp.  One  weber  of  current 
passing  through  an  incandescent  lamp,  with  an  electro-motive  force 
of  100  volts  maintained  on  the  two  sides  of  it,  produced,  Mr.  Swan 
tells  us,  60  candles  illumination.  But  this  amount  of  electric  enei^y 
we  know  is  equivalent  to  0'134  horse-power  absorbed  in  the  incan- 
descent carbon  filament.  But  one  horse-power  will  with  the  are 
produce  a  light  of  1,200  candles,  including  the  waste  of  energy 
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Ki  tlie  dynamo  machiQe  itself  and  in  the  leading  wires,  both  of 
Hrbich  have  been  omitted,  and  must  be  added  to  the  consumption 
^H  energy  in  the  previous  calculation.  If,  tben,  the  incandescent 
Hiuup  be,  a^  Mr.  Swan  tells  us  it  is,  absolutely  cheaper  than  gas, 
^Kow  immensely  cheaper  must  be  the  arc  electric  lamp. 
V  It  occurs  to  me  that  there  is  one  reason  which  has  been  quite 
Mverlooked  why  the  small  trace  of  air  left  in  the  earlier  forms  of 
^fccandescent  lamp  always  produced  an  ultimate  rupture  of  the 
Barbon  filament,  which  is  this :  it  was  supposed  that  the  little  air 
fffould  combine  with  the  carbon  aud  form  carbonic  acid  gas,  after 
fffhich  no  further  burning  away  o£  the  carbon  would  take  place. 
Biuch  reasoning  would  be  right  enough  if  the  carbon  filament  were  at 
^K  lower  temperature,  but  at  the  very  high  temperature  which  the 
^■Bntre  of  the  carbon  filament  is  at,  dissociation  of  the  carbonic  acid 
^Kks  takes  place,  consequently  we  have  carbonic  acid  gas  being 
^fenstantly  formed  by  the  residual  air  combining  with  the  carbon 
^Hiere  it  is  below  ths  temperature  of  dissociation,  and  the  splitting 
^■gain  at  the  hottest  portions  of  the  carbon  of  the  gas  into  carbon 
^pid  free  osygen,  ready  to  combine  again  with  the  colder  portion  of 
Hbe  carbon. 

H  Experience  alone  can  show  whether  in  the  Sprengel  vacuuin, 
^pich  as  Mr.  Swan  employs,  there  is  still  sufficient  air  left  to  pro- 
^Buce  this  effect ;  but  certain  I  am  that,  if  any  practical  amount  of 
Btr  be  left  in  the  vacuum,  the  carbon  will  be  burnt  away. 
H  Mr.  MODLTON :  There  is  a  certain  class  of  individuals  who 
^pave  a  right  to  be  heard  upon  this  question  of  electric  lighting. 
K  mean  the  householders  who  desire  a  good  light  for  domestic  use. 
^BkS  one  of  that  body,  who  after  all  are  objects  of  some  interest  to 
Bhose  who  are  devoting  themselves  to  the  subject  of  electric  light- 
Hbig,  I  liave  looked  eagerly  for  some  form  of  electric  light  which 
Btould  satisfy  the  simple  but  definite  conditions  to  which  a  house- 
|ught  must  be  subjected,  but  hitherto  without  success.  To-night, 
^powever,  this  want  has  been  satisfied,  I  do  not  think  that  any  one 
Ban  see  the  lamps  around  us  without  feeling  that  such  lamps  quite 
■patisfy  the  wants  of  those  who  would  be  glad  to  see  electric  lighting 
Hb  ordinary-sized  rooms.  Having  then  tlie  suitable  article,  the 
^Buestion  arises,  Is  it  brought  within  our  means?   By  that  question 
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I  do  not  mean  what  is  the  actual  cost  of  the  electric  current  n( 
saiy  to  produce  it.  The  question  how  many  webers  you  can  gf 
through  an  ohm  for  a  farthing  is  not  the  most  important  questic 
from  our  point  of  view.  As  I  understand  it,  three  of  these  lam] 
are  kept  going  by  one  horse-power,  and  to  persons  who  really  lil 
a  pleasant  steady  light,  one-third  of  a  penny  per  hour  (which  woul 
be  the  maximum  cost  on  this  hypothesis)  cannot  be  considered  vei 
extravagant.  At  all  events,  on  fete  days  one  might  indulge  on< 
to  an  hour's  electric  lighting  on  such  terms.  Thus  having  brougl 
the  electric  light  within  the  price  of  luxuries,  let  us  consider  wh( 
other  expense  a  lamp  like  this  is  to  a  domestic  consumer.  In  su( 
matters  the  main  cost  is  due  to  the  waste  of  time  and  trouble  in  thi 
management  of  the  lamps,  and  the  expense  of  obtaining  a 
lamp  in  case  of  breakage,  and  in  finding  or  training  servants  who] 
are  sufficiently  skilled  to  learn  the  details  of  the  system,  so  that 
one  can  rely  on  the  light  with  as  great  certainty  as  we  now  rely  oi 
gas.  I  do  not  want  to  be  taught  how  Mr.  Swan  makes  his  lamps  or' 
filaments:  I  am  only  too  glad  that  some  one  will  make  them  for  us. 
But  I  do  want  to  know  how  Mr.  Swan  proposes  that  a  lamp  like 
this  shall  be  made  to  work  successfully  when  there  are  none  of  those 
skilled  gentlemen  present  whom  he  mentioned  as  having  given  their 
valuable  assistance  to  him  on  this  occasion.  Will  he  kindly  tell  us 
whether  there  is  any  difficult  adjustment  required  in  maintaining 
the  connections  of  the  lamp,  or  how  these  connections  should  be 
made  %  If  he  will  just  give  a  very  brief  sketch  of  the  operations 
necessary  to  be  performed  in  the  mornings  so  as  to  fit  up  the  lights 
ready  for  evening  illumination,  he  will  confer  a  very  great  boon  on 
those  who  stand  in  a  similar  position  to  myself. 

Mr.  C.  F.  Vaeley  :  Like  many  of  the  speakers  this  evening,  I 
would  very  much  like  to  have  some  information  from  Mr.  Swan 
which  I  am  afraid  he  will  not  feel  it  his  duty  to  give.  I  would  like 
to  ask  him  whether  he  has  ascertained,  and  what  is  the  tempera, 
ture  of  the  incandescent  carbon  threads  when  they  are  at  their 
present,  or  what  may  be  called  their  practical  brilliancy  ?  Also 
whether  the  carbon  varies  very  much  in  its  resistance  at  that  tem- 
perature from  what  it  was  at  the  temperature  of  the  atmosphere, 
which  he  said  was  about  150  ohms  ? 
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As  to  how  he  prepares  the  carbon,  as  to  how  he  attaches  the  • 
carbon,  and  how  he  gets  his  final  *•*  vacuum,"  of  course  we  are  all 
burning  to  know,  but  I  presume  that  Mr.  Swan  will  answer  that  he 
cannot  at  present  tell  us  without  betraying  his  secrets  too  much. 
Professor  Ayrton  has  drawn  attention  to  one  subject  which  I  think 
has  been  too  much  overlooked,  and  which  is  the  cause  of  the 
carbons  failing.  If  there  be  any  gas  capable  of  dissolving  carbon 
present  in  the  so-called  vacuum  surrounding  the  carbon  thread,  the 
high  temperature  will  cause  them  to  combine,  and  the  difference  of 
potential  of  different  parts  of  the  thread  will  set  up  electrolytic 
action.  If  it  be  oxygen  that  is  present,  carbonic  acid  and  carbonic 
oxide  will  be  first  formed :  this  will  be  decomposed  into  oxygen  on 
one  side,  and  carbon  on  the  other.  The  oxygen  will  then  combine 
with  a  fresh  portion  of  carbon,  forming  carbonic  oxide,  thus  eating 
away  the  carbon  thread  at  the  more  positive  end.  Every  simple 
known  gas  combines  with  carbon.  If  it  be  hydrogen  that  is  present, 
defiant  gas  or  marsh  gas  will  be  formed  ;  if  it  be  oxygen,  there 
will  be  carbonic  oxide  or  carbonic  acid  formed ;  if  it  be  nitrogen, 
cyanogen  will  be  produced ;  if  chlorine,  chloride  of  carbon ;  and  I 
do  not  think  there  is  any  gas  or  vapour  that  we  can  produce 
(unless  it  be  the  vapour  of  one  of  the  metals)  that  will  not  corrode 
the  carbon  when  it  is  incandescent.  And  therefore,  in  order  to 
exclude  the  uttermost  trace  of  any  gas  that  might  combine  with 
the  carbon,  I  would  suggest  to  Mr.  Swan  the  use  of  an  attenuated 
vapour  of  some  non-decomposable  metal. 

A  very  great  deal  of  diflSculty  is  experienced  by  outsiders  in 
understanding  the  value  of  a  certain  light.  It  is  customary  to 
compare  an  electric  light  with  so  many  standard  candles.  This 
process  of  comparing  any  great  illuminant  with  a  candle  is  a  very 
fallacious  one.  For  example :  if  two  or  more  common  fishtail 
burners  be  allowed  to  burn  in  a  room  behind  an  observer's  back, 
and  he  is  looking  at  a  sheet  of  white  paper  illuminated  by  those 
burners,  when  the  two  flames  are  brought  into  contact  the  paper 
suddenly  seems  to  receive  a  great  accession  of  light.  A  critical 
examination  of  that  light,  however,  will  show  that  the  colour  has 
been  reduced  or  degraded  from  a  whitish  light  into  a  much  redder 
light.    And  now  comes  the  question  as  to  the  value  of  light  of 
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different  colours.  Any  person  paying  attention  to  the  subject  will 
find  that  a  red  light  is  mucli  more  stimulating  to  the  eye  than  what 
is  termed  a  -white  light,  and  therefore,  when  an  electric  light  is 
used  to  illuminate,  a  greater  amount  of  light  is  actually  required  to 
stimulate  the  eyes.  This  is  one  reason  why  the  electric  light  is  not 
likely  to  he  so  economical  as  gaa  light ;  we  want  more  of  it. 

The  great  features  of  Mr.  Swan's  light  is  that  of  being  steady  and 
capable  of  distribution  into  a  great  number  of  small  lights.  The  illu- 
toinating  power  cf  a  lamp  decreases  with  the  square  of  the  distance, 
therefore  the  lamp  that  will  give  sufficient  illumination  at  one 
hundred  yards  will  give  ten  times  ten,  or  one  hundred  times,  more 
light  than  is  required  at  a  distance  of  ten  yards.  Therefore,  the 
greater  number  of  lights,  the  better  and  the  more  uniform  is  the 
illumination.  A  large  number  of  small  lights  will  therefore  be 
more  economical  than  one  or  two  enormous  lights  fixed  a  great 
distance  apart.  For  lighthouses  one  small  light  is  all  that  is 
required,  and  that  light  must  be  as  bright  aa  possible  j  but  for 
ordinary  illumination  a  large  number  of  small  lights  is  evidently 
the  system  that  must  he  adopted. 

Mr.  Swan,  replying,  said :  Mr.  President  and  gentlemen,— I 
beg  to  thank  Mr.  Varley  for  the  valuable  suggestion  he  has  thrown 
out  with  reference  to  the  means  of  improving  the  vacuum  of  the 
lamp  and  rendering  it  inert  towards  the  carbon.  No  donht: 
Proftjssor  Ayrton  and  Mr.  Varley  are  theoretically  correct  il 
their  remarks  as  to  what  goes  on  in  the  vacumn  when  the  carbu*] 
is  in  a  state  of  incandescence.  But  the  practical  fact  is,  ttBi 
vacuum  we  employ  is  of  such  a  character  that  the  carboDs 
endure  for  a,  very  considerable  time.  We  have  had  some  lamps 
burning  (with  an  interval  of  three  weeks,  during  which  they  were 
kept  cold)  since  August  8th,  i.e.,  during  the  evenings. 

I  will  just  make  a  general  response  to  the  many  requests  that 
have  been  made  that  I  should  state  precisely  in  what  manner  I 
make  the  carbon  filameuts,  by  saying  that  I  have  patented  the 
method,  or,  rather,  application  for  a  patent  has  been  made,  and  is 
on  the  point  of  issue,  when  full  publicity  will  be  within  reach 
all  whom  it  may  concern.  I  assure  you  that  I  am  a  very 
secret  keeper,  and  it  is  a  relief  to  my  mind  to  know  that  the  pul 
»tion  of  the  information  you  e.U  seek  is  so  imminent. 
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lu  reply  to  Mr.  Moulton  as  to  what  should  be  done  when  a 
lamp  fails,  I  can  beat  explain  this  by  ocular  demonstration.  [A 
specimen  lamp  was  on  the  table  before  Mr.  Swan,  who  released  the 
large  glass  globe  used  for  subduing  the  brilliancy  of  the  light,  and 
then  simply  lifted  it  out  of  its  socket  in  the  brass  pedestal,  exactly 
as  a  candle  would  be  slid  out  of  a  candlestick,  and  then  replaced  it 
with  equal  facility  by  sliding  another  lamp  down  the  pedestal  to 
its  position,  when  it  was  instantaneously  lighted,  and  then,  by 
replacing  the  covering  glass  globe  and  securing  it  in  the  usual 
manaer,  the  whole  operation  was  complete.]  To  explain,  I  may 
Bay  that  if  anything  goes  wrong,  the  lamp  should  be  first  taken  out 
of  its  socket,  and  another  lamp  fetched  from  the  store  closet  and 
put  in  its  place,  as  I  have  just  shown  you.  That  is  an  operation 
which  I  do  not  think  demands  an  amount  of  skill  at  all  beyond  the 
capacity  of  an  ordinary  domestic  servant. 

As  to  the  economy  of  my  lamps  (and  here  I  will  reply  broadly 
to  Mr.  Siemens  and  Professor  Ayrton),  I  accept  the  statement 
that  it  has  been  ascertained,  not  once,  but  many  times,  that  one 
horse-power  will  develop,  by  means  of  the  arc  light,  fully  a 
thousand  candle-power,  and  therefore  I  do  not  pretend  to  say 
that  my  lamp  compares  in  econonay  with  the  arc  light,  where  a 
Tery  powerful  and  concentrated  light  is  desired.  I  have  not 
spoken  of  getting  more  than  150  candle-ligbt  from  one  horse- 
power, I  may  be  able  to  get  more,  but  at  present  I  am  satisfied 
with  that  result,  because  I  can  divide  it  as  I  please,  and  I  think 
with  Mr.  Varley  that  small  lights  are  so  much  more  generally 
useful  than  very  large  ones,  as  to  be  preferable,  even  if  obtained  at 
a  slightly  greater  cost  light  for  light.  It  is  much  more  economical 
to  have  just  as  much  light  as  you  want  than  ten  or  a  hundred 
times  more  than  you  want,  even  though  the  cost  of  the  larger 
light  may  be  less  in  proportion  to  its  quantity  than  the  smaller 
light.  The  fact  is  that  the  two  things  are  quite  distinct.  The 
arc  light  is  unquestionably  more  economical  where  it  is  applicable, 
but  there  are  cases,  and  they  are  very  numerous,  where  sraaU  lights 
ace  more  useful  than  large  ones  ;  and  considering  the  suitability 
r  ordinary  purposes  of  such  small  light  centres  as  can  bs  produced 
jf  means  of  my  lamps,  I  think  that  we  may  be  well  S3.tisfi«4  ■w\S&- 
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the  amount  of  light  we  get,  although  it  be  less  than  we  could 

in  a  coDcentrateJ  form  by  means  of  the  arc. 

The  arc  light  ia  something  like  a  white  elephant,  for  a  grt 
many  purposes.     When  you  have  obtained  it  you  do  not  knoi 
what  to  do  with  it.     It  is  an  admirahlo  light  for  lighthouses,  raili 
way  stations,  and  lai^e  open  out-Joor  spaces ;  but  I  think  thei 
can  be  no  question  that  for  the  lighting  of  houses  and  of  sho] 
(and   these  are  the  chief  purposes   for  which  artificial   light 
required)  small  lights  rather  than   large  ones  provide  the  desi- 
deratum, and,  as  I  have  said,  are  worth  their  extra  cost.     As  to 
the  large  lights  at  the  British  JIuseum,  bo  doubt  the  readiag.room 
IB  one  of  the  spaces  suitable  for  lighting  hy  means  of  the  arc  light 
and  therefore  the  installation  at  that  institution  has  been  pronounci 
a  success.     Probably  the  number  of  rooms  so  suitable  is  limited. 

It  is  a  great  pleasure  to  me  to  hear  the  observations  made  by 
Professor  Tyndall,  I  had  not  been  bold  enough  to  imagine  that 
the  electric  light  might  be  taken  into  the  dangerous  parts  of  a  coa 
mine  :  I  felt  that  it  was  a  matter  requiring  very  great  care  a: 
caution,  and  that  perhaps  we  were  in  d;inger  of  hoping  too  much 
that  direction.  But  to  hear  Professor  Tyndall  (who  has,  I  knowj 
gone  minutely  into  the  questioa  of  the  application  cf  the  electrifl 
light  to  coal-mining)  say  that  he  thinks  it  is  not  impracticable  1 
make  use  of  such  lights,  if  properly  guarded,  in  the  dangerot 
parts  of  coal  mines,  affords  me  very  great  pleasure. 

To  confirm  what  has  been  stated  as  to  the  economy  of  the  Ugl 
over  gas,  it  is  a  very  clear  demons '.ration  to  this  end  to  find  thi 
it  is  possible  by  means  of  a  gas  engine,  an  electric  generator,  an 
my  lamp,  to  get  absolutely  more  light  from  a  given  quantity  of 
than  would  ho  obtained  with  the  same  quantity  of  gas  burned  i 
the  ordinary  way  for  producing  gaslight.  I  do  not  conceive  th) 
a  clearer  demonstration  of  the  economy  of  the  electric  light  ov« 
gas  can  be  given  than  the  fact  stated. 

SlE  Chaeles  T.  Bkight  :   I  am  sure  you  will  all  accord 
hearty  vote  of  thanks  to  Sir.  Swan  for  his  paper.      The  silenct 
A  J  a   which  the  paper  was  listened  to,  and  the   applause   wit 
which  the  lighting  of  his  lamps  was  met,  showed  the  feeling  i 
this   Society,  which   must  be    shared   in  by   all  present.      B 
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spirit  of  prophecy  was  indulged  in  for  a  moment  by  Mr.  Swan. 
I  will  take  the  same  line  for  a  moment,  too,  and  venture  to  express 
my  belief  that  in  five  years  we  shall  have  the  electric  light  in 
familiar  use  in  our  houses.  "We  have  it  already  in  our  streets,  and 
I  hope  and  thiak,  also,  that  by  the  time  I  have  mentioned  we 
shall  have  electricity  used  for  some  of  the  ordinary  purposes  of 
tramway  and  railway  conveyance. 

I  beg  to  propose  the  hearty  vote  of  thanks  of  this  meeting  to 
Hr.  Swan. 

Mr.  Latimee  Clabk  seconded  ihe  proposition. 
The  Pkesident:  Gentlemen, —  It  has  been  proposed  and 
seconded  that  a  hearty  vote  of  thanks  be  accorded  to  Mr.  Swan 
For  the  very  clear  and  beautiful  paper  he  has  given  us  to-night. 
i  only  wish  I  had  a  quarter  of  an  hour  before  me  to  say  what  I 
ave  to  say  on  the  subject,  but  I  will  relieve  you  and  satisfy 
lyself  by  simply  expressing  my  great  obligation  to  Mr.  Swan 
ior  the  very  great  trouble  and  kindness  with  which  he  responded 
to  my  request  to  come  here  and  give  this  admirable  and  excellent 
illustration  which  he  baa  done  to-night.  For  my  part,  I  very  much 
prefer  prophesying  when  I  know.  I  do  not  like  to  indulge  in 
anticipation  like  Bir  Charles  Bright.  I  am  one  of  those  who  up 
to  the  present  moment  have  not  been  satisfied  with  the  solution  of 
the  problem  of  the  subdivision  of  the  electric  light,  and  I  am  also 
one  of  those  who  are  not  quite  satisfied  with  the  utility  of  the 
incandescent  versus  the  arc  light.  But  I  very  clearly  see  that 
there  are  occasions  or  circumstances,  such  as  have  been  alluded  to 
ly  Mr.  Moulton  and  Mr.  Swan,  when  certainly  such  a  brilliant 
light  as  that  now  before  us  will  be  a  great  advantage  to  those  who 
indulge  in  luxuries.  It  is  as  a  luxury  at  present  that  we  must 
regard  this  light.  It  is  not  without  a  sphere  of  danger.  I  do  not 
agree  with  (and  I  am  very  sorry  to  difier  from  one  from  whom  I 
have  gained  so  much  instruction,  and  whose  opinion  I  valiie  so 
much)  Professor  Tyndall  that  the  electric  light  is  adapted  for  coal 
.mines.  It  is  quite  impossible  to  carry  powerful  currents,  such  as 
those  now  passing  through  the  wires  before  us,  through  a  colliery 
Bladen  with  gases,  v/ithout  some  chance  of  danger.  Even  in  the 
small  experience  of  telegraphy,  fire  and  danger  have  ocGux^fti-^^wa. 
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comparatively  minute  curreEts,  Fatal  cases  have  occurred  caused 
by  iucaatious  and  foolish  handling  of  lighting  currents,  or  o£  tie 
exposed  parts  of  an  electric  lamp.  There  was  a  case  recently 
on  board  the  Livatlia,  another  at  Birmingham,  and  very  nearly 
another  on  tlie  Thames  Embankments  Several  cases  of  serious 
injury  have  occurred ;  and  if  the  subdivision  of  the  electric  light 
is  to  be  carried  out  as  prophesied  by  Sir  Charles  Bright  and  Mr. 
Swan,  it  can  only  be,  with  our  present  knowledge,  by  the  employ, 
ment  of  such  very  high  electro-motive  forces  as  must  necessarily 
be  dangerous  to  human  life.  Certainly  in  the  case  of  coal  mines 
the  employment  of  the  electric  light  must  be  accompanied  by 
dangers  in  another  direction.  However,  the  question  before  us 
to-night  is  the  progress  of  the  electric  light.  We  have  made  3 
distinct  step  forward.  We  have  passed  through  the  various  stages 
of  electric  lighting,  from  the  first  flickering,  whizzing,  noisy, 
erratic,  and  troublesome  lamp  "which  was  attempted  to  be  shown  in 
this  room,  till  we  have  this  beautiful  steady  light  which  is 
before  lis,  showing  what  a  satisfactory  advance  has  been  mi 
I  have  therefore  great  pleasure  in  oEFering  to  you  for  aeeeptatioii 
the  proposal  of  Sir  Charles  Bright,  seconded  by  Mr.  Latimer  Clart, 
that  our  most  hearty  thanks  be  given  to  Mr.  Swan  for  bringing 
before  us  his  latest  achievements. 

Carried  with  great  applause. 

A  vote  of  thanks  was  also  given  to  Mr.  Crompton,  Mr.  Ward, 
and  Mr.  Fleetwood  for  assistance  rendered  in  making  the  exhibitioiL 
so  successful. 

The  PeeSIDEST  then  declared  the  meeting  adjourned  unl 
Wednesday,  December  Sth,  when  he  proposed  to  bring  forward 
recent  advances  made  in  the  reproduction  of  sound  by 
energy,  and  announced  that  at  the  same  meeting,  through 
kindness  of  Professor  Bell  (who  himself  hoped  to  be  present),  the 
Ffaotophone  would  be  exhibited. 
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The  Ninety-third  Ordinary  General  Meeting  of  the  Society  was 
held  on  Wednesday  evening,  December  8tb,  1880,  at  the 
Institution  of  Civil  Engineers,  25,  Great  George  Street, 
Westminster — Mr,  W.  H.  Pbeece,  President,  in  the  Chair. 
The  minutes  of  the  previous  meeting  were  read.  It  was  an- 
nounced that  the  following  Associates  had  been  transferred  by  the 
Council  to  the  clas^  of  Members : — 

Henrik  Q.  C.  Bohr. 
Christian  U  re  sing. 
At  the  request  of  the  President,  Mr.  Latimer  Clark  then  occu- 
pied the  chair. 

The  PeesidbnT  ;  The  hall  of  the  Institution  of  Civil  Engineers 
(in  which  we  are  now  assembled)  is  not  like  the  theatre  of  the 
Eoyal  Institution  or  places  o£  similar  consequence  prepared  for 
experimental  illustration  a,  or  fitted  with  the  numerous  appliances 
requisite  to  bring  before  a  large  audience  such  effects  as  those  I  hope 

tto  bring  before  you  to-night.  The  limited  time  in  which  we  have 
been  able  to  fix  up  the  apparatus  before  you  makes  it  very 
doubtful  whether  all  the  experiments  will  succeed,  and  therefore 
I  ask  your  indulgence  in  case  o£  failure  in  any  attempts  I  may 
Biake  to  bring  before  you  facts  that  have  been  recently  brought 
out.  I  had  strong  fears,  too,  that  the  proceedings  to-night 
would  be  very  much  of  the  effect  that  would  be  produced  by 
the  play  of  Samlet  being  acted  with  the  character  of  Hamlet  left 
out ;  but  I  am  happy  to  say  that  Professor  Bell  has  travelled  from 
Paris  on  purpose  to  be  here,  and  although  he  is  not  present  at  the 
moment,  I  have  no  doubt  he  will  be  very  shortly. 

It  has  been  my  special  good  fortune  to  have  brought  before  the 
Society  of  Telegraph  Engineers  the  three  great  inventions  that  have 
characterised  the  last  two  years.  First,  I  Tirougbt  over  the  first 
absolute  speaking  Telephone ;  next  I  had  the  pleasure  of  bringing 
before  an  audience  at  the  Royal  Institution,  and  also  before  this 
Society,  the  Phonograph;  and  thirdly,  it  was  my  great  fortune 
to  have  been  the  means  of  unearthing  a  philosopher,  and  bringing 
tefore  this  Society  that  most  beautiful  apparatus,  tVfe  ^SaYQ-^oiiRL. 
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And  as  regards  the  latest  icveotioD,  the  Photophone,  Profeasor 
Graham  Bell,  on  a  recent  journey  from  Paris  to  London,  paid  me 
fbe  great  honour  of  asking  me  to  bring  it  before  the  Briti^ 
public.  It  was  my  misfortune  to  be  unable  to  do  so,  as  matters 
of  great  and  imperial  consequences  (and  indirectly  associated  witb 
Professor  Bell)  compelled  me  to  devote  my  whole  time  and 
attention  in  another  direction.  Professor  Bell  has  himself  brougiit 
the  subject  of  the  Photophone  before  one  or  two  scientific  societies, 
and  I  trust  he  will  himself  relate  his  moat  recent  discoveries  to  us 
to-night. 

All  those  inventions  I  have  enumerated  are  based  on  the  repro- 
duction of  sound.  Let  us  ask  ourselves  the  question,  What  is 
sound  ?  Sound  is  a  sensation  or  physiological  action  that  occurs  upon 
the  brain.  Some  mechanical  disturbances  affect  the  tympana  of 
our  ears,  and  there  produce  that  which  we  call  sound,  Outsi'le 
the  mind  sound  cannot  be  said  to  exist ;  there  it  is  sonorous  yibra. 
tion.  It  is  an  undulation,  a  disturbance  in  the  molecules  of  matter 
that  exist  between  the  ear  and  the  object  emitting  the  vibratioas. 
Hence  wherever  sound  exists  there  must  he  a  transmitter,  or  some- 
thing producing  the  sonorous  vibrations ;  secondly  a  medium  con. 
veying  those  so-called  sonorous  vibrations ;  and  thirdly,  a  receiver, 
viz.,  the  ear,  which  accepts  or  receives  those  vibrations  and  con- 
verts them  into  that  sensation  that  we  call  sound.  In  most  of  the 
cases  that  I  am  about  to  bring  before  you,  it  is  not  so  much  a 
question  of  the  transmission  of  sound  as  of  its  reproduction. 

I  will  commence  by  calling  your  attention  to  the  production  of 
sound  by  sympathy.  "Whenever  we  throw  that  wonderful  element 
called  the  atmosphere,  by  which  we  are  iurrounded,  into  sonorous 
vibrations,  matter  bathed  by  it  receives,  accepts,  and  answers  back 
the  vibrations  given  to  it.  For  instance,  here  are  two  tuning  forks. 
There  is  no  visible  connection  between  them,  but  you  see  that  when 
Mr.  Ladd  throws  one  of  them  into  vibration,  and  after  a  brief  space 
of  time  stops  it,  the  same  sound  is  given  out  by  the  other.  [Experi- 
ment shown.]  That  is  sympathy.  There  is  a  case  in  which  sf'ucd 
is  actually  transmitted.  It  is  by  what  is  known  as  Wheatstone'fi 
lyre.  It  a  musical  box  were  placed  in  a  cellar  the  tunes  would 
not  be  heard  on  account  of  distance  and  obstructive  media,  but  if 


i 


1880.]  OF  EADIANT  ENEROT  INTO  SOTIND,  365 

a  tbin  piece  of  pine  projectirig  into  this  room  were  placed  oq  it, 
and  a  tray  or  membrane  be  placed  on  the  projecting  wood,  to  act 
as  a  sounding  board  in  thia  room,  the  tunes  would  be  quite  dis- 
tinct. [No  cellar  being  available  the  experiment  was  illustrated 
by  means  of  a  musical  bos  being  enclosed  in  another  bos,  and  then 
when  a  guitar  was  placefl  on  the  upright  lath  the  tunes  were  dis- 
tinctly heard.]  The  common  method  now  of  reproducing  sound  at 
a  distance  is  by  an  instrument  that  some  of  us  have  heard  of  lately 
a  great  deal, — most  of  us  perhaps  too  much, — and  which  has  been 
called  a  ■'  telephone,"  By  means  of  this  peculiar  instrument 
(which,  by-the-bye,  performs  all  the  functions  of  a  telegraph^,  we 
are  able  to  reproduce  .sounds  in  various  degrees  of  efficiency. 
[Professor  Bell  now  arrived,  and  was  received  with  great  applause.] 
My  present  object,  however,  is  to  reproduce  sounds  by  means 
of  radiant  energy.  By  radiant  energy  I  mean  those  wonderful 
undulations  that  are  known  to  pass  through  space  from  the  sun  to 
the  earth,  that  convey  to  us  sensations  of  light  and  beat,  and  the 
chemical  actions  that  reproduce  those  astonishing  photographic 
pictures.  This  radiant  energy  is  coaveyed  to  ua  from  the  sun  by 
the  vibrations  of  what  is  called  the  luminiferous  ether,  or,  more 
frequently,  by  the  simple  name  of  ether.  By  the  aid  of  Mr. 
Ladd  and  his  electric  light  I  hope  to  make  clear  to  you  what  this 
radiant  energy  is.  It  is  by  the  spectrum  that  I  hope  to  do  this. 
A  glass  prism  breaks  up  into  its  component  parts  any  of  those  rays 
of  light  that  pass  from  the  sun,  or,  as  is  more  convenient,  from  our 
miniature  sun,  the  electric  light,  on  to  the  screen  behind  me. 
[Spectrum  shown  on  screen.]  That  is  one  of  the  most  beautiful 
objects  produced  by  science,  and  one  on  which  no  one  (whatever 
the  extent  of  his  knowledge)  can  fail  to  look  without  a  certain 
amount  of  rapture.  Beyond  the  colours  appearing  on  the  screen 
on  the  red  side  are  other  rays  of  low  refraugibility,  and  which  pro. 
duce  heat.  Beyond  the  violet  rays  are  ultra-violet  rays  of  higher 
refrangibility,  which,  when  caused  to  impinge  on  sulphate  of 
quinine,  become  degraded  into  a  lower  form,  and  bring  out  light 
also.  Here  we  have  what  1  wish  to  call  your  attention  to,  viz., 
radiant  energy  in  its  component  forms.  In  order  to  convert  this 
Radiant  enei^  into  sound,  we  have  simply  to  produce  \j^  i'sa  ^4, 
VOL.  IX.  0  I 
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either  a  rapid  intermittent  action  or  a  variation  in  the  action  of 
eleotric  currents.     Here  ia  a  diagram  ehowing  a  telephone  j<aDed 


up  in  circuit.  As  long  as  the  electric  current  goiug  through  that 
telephone  is  continuous  there  is  no  dieturbance  produced,  but  ii  at 
point  A  an  instrument  be  inserted  capable  of  producing  intermiB- 
sion  in  the  flow  of  the  current,  or  of  producing  variation  in  its 
strength  with  sufficient  rapidity,  sound  will  be  produced.  On  tbe 
table  is  an  instrument  represented  at  point  A  on  the  diagram ;  it 
is  a  wheel-break.  When  the  wheel  is  rotated  currents  pass  when- 
ever the  contact-maker  passes  over  the  brass  divisions  (which  are 
separated  by  ebonite),  and  a  ticking  sound  is  produced  which  vanes 
according  to  the  rapidity  of  the  motion  of  tbe  wheel ;  and  when 
these  ticks  follow  eacli  other  at  a  rate  greater  than  16  per  second 
we  get  musical  tones.  [The  wheel  was  turned  with  vaiyiiig 
velocities,  and  corresponding  high  or  low  sounds  were  piodueed.) 
Those  sounds  are  produced  by  periodic  variation  of  the  eleolziiL 
currents,  If  those  currents  followed  each  other  so  as  to  represent 
by  their  variation  the  variation  in  pitch,  in  loudness,  and  in  form 
of  those  soimds  produced  by  the  human  voice,  we  should  be  able 
to  reproduce  the  articulation  of  human  speech.  All  of  you  will 
recognise  this  as  the  principle  of  the  telephone,  and  if  either  a 
telephone  or  microphone  replaced  the  wheel-break,  human  speecli 
would  be  reproduced.  But  we  want  the  object  at  A  (the  whcd- 
hreak)  to  bo  affected  by  radLant  energy.  Radiant  energy,  whan 
incident  on  the  object  A,  must  affect  the  currents  of  electricity 
passing  through  it  so  as  to  reproduce  the  sonorous  vibrations.  Can 
any  substance  be  found  in  nature  which  is  so  sensitive  to  the  actiui' 
of  radiant  energy  as  to  be  affected  in  the  way  desired  * 

There  is  one,  and  at  present  only  one,  element  or  matter  that 
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B  at  present  been  found  so  sensitive  att  to  be  attacked,  as  it  were, 
l-altered  by  tlie  rapid  impingement  of  the  rays  of  radiant  energy 
In  February,  1873,  we  had  the  pleasure  of  hearing  in 
B  ball  Mr.  Willoughby  Smith's  discovery  announced.     He  found 
when  a  ray  of  light  fell   upon  selenium  the  resistance   or 
|Buence  of  that  material  to  the  electric  current  was  altered.     He 
I  this  curious  substance,  that  is  not  a  metal  and  yet  is  a  metal, 
i  kind  of  borderer  flying  from  one  side  to  the  other  and  a 
Bfy  vagraut  in  its  habits,— it  is  one  of  those  things  classed  with 
Bphorus,  tellurium,  and  sulphur, — and  he  found  it  offering  such 
lonsiderable  resistance  to  the  electric  current  that  be  could  use 
tfor  telegraphic  purposes,  and  moreover  be  found  that  it  was 
pjderfully  sensitive  to  light.     Mr.  "Willoughby  Smith  himself  is 
re,  and  will  reproduce  the  experiment,  and  will  show  us  how  the 
fcdenceofaray  of  light  upon  a  bat  of  selenium  will  alter  its 
istance.     [The  gas  was  turned  down  and  Mr.  Willoughby  Smith 
buested  extreme  quietness  during  the  experiment.     A  current 
(electricity  was  passed  into  selenium  while  in  the  dark,  and  no 
Hection  appeared  on  the  mirror  galvanometer,  but  when  a  ray  of 
}it   was  brought   to  bear   on   the   selenium  its  condition  wag 
Sered  and  a  deflection  obtained.]     Now  the  question  arises  as  to 
wther  that  eflfect  was  due  to  the  light  rays,  the  heat  rays,  or  the 
e  rays  of  the  radiant  energy  of  which  I  have  spoken.     Many 
bcneat  workers   have    pursued    this    matter,    notably    Captain 
Le,  E.E.,  who  found  that  no  effect  was  produced  at  the  outside 
jits  of  the  spectrum  :  the  greatest  effect  was  produced  among  the 
]  raya.     That  observation  has  not  been  confirmed,  for  1 
Sell  and  Professor  Adams  have  both  found  that  the  i 
effect  is  really  found  in  the  greenish- yellow  rays.     Nevertheless, 
the  observations  of  Captain  Sale,  Lord  Roase,  Werner  Siemens,  and 
others  who  have  since  worked  in  the  same  direction,  have  unmis- 
takably proved  that  this  effect  is  one  of  light  and  not  of  heat  or 
actinism.      A  pupil  of  mine  in  India  was  discussing  this  subject 
-with  a  pupil  of  Werner  Siemens.     They  read  the  announcement  in 
a  paper,  and  the  pupil  of  Werner  Siemens  said,  "  Werner  Siemens 
will  find  this  out  and  make  something  of  it."     Dr.  Werner  Siemens 
did.     Ho  worked  at  the  idea  with  tremendous  energy,  and  found  in 
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the  first  instance  that  which  has  been  subsequently  found  tj 
Professor  Adams  and  others,  that  the  variation  of  the  resistance 
was  as  the  square  root  of  the  illuminating  power  of  the  light. 
From  this  he  proposed  to  make  a  photometer,  but  though  he 
succeeded  admirably  in  that  object,  it  was  not  a  reliable  instrument, 
for  the  simple  reason  that  the  action  of  the  light  on  selenium  Laa 
been  found  to  be  extremely  variable. 

No  two  pieces  of  selenium  will  give  the  same  effect ;  no  tiro 
parts  of  the  same  selenium  will  give  the  same  effects,  and  ch? 
same  selenium  will  not  give  the  same  effects  on  two  successive 
days;  and  this  great  variability  has  resulted  in  preventing 
selenium  being  utilised  for  photometric  purposes.  Eat  Dr.  W. 
Siemens  and  his  Brother  (who  is  so  well  known  to  all  of  us)  then 
produced  what  is  called  a  selenium  eye.  It  might  be  a  Siemens 
eye,  though  it  does  not  look  quite  so  far.  It  is  made,  as  shomi 
before  you,  of  a  black  metallic  ball  with  a  selenium  plate  at  tbe 
back  portion,  a  lens  in  front,  and  closed  "  eyelids  "  in  front  of  the 
lens.  In  front  of  the  eye  on  the  table  is  placed  a  galvanometer, 
which  will  record  the  electric  effects.  At  the  jjresent  moment  s 
current  is  passing,  similar  to  that  in  Mr.  Smith's  experiment.  I 
now  open  the  eye  to  the  light,  and  the  galvanometer  is  imme- 
diately deflected  to  ten  degrees.  I  shut  out  the  light  and  tbe 
deflection  ceases.  It  ia  remarkable  that  there  is  a  kind  of  sym- 
pathy or  analogy  between  this  "  eye  "  and  the  human  eye,  for  if 
we  allowed  the  light  to  fall  upon  it  too  long,  the  eye  would  beconw 
fatigued  and  require  sleep  and  rest  to  restore  its  vigour.  Hence 
Dr.  Siemens  pointed  out  that,  while  selenium  was  extremely  sena- 
tive  to  light,  it  gave  evidence  of  that  peculiar  phenomena  called 
by  mechanics  and  engineers  "  fatigue,"  which  required  time  to 
restore  it  to  its  pristine  vigour.  Dr.  Siemens  also  formed  a 
sensitive  selenium  cell,  called  "  Siemens'  grating."  The  term 
is  misleading,  and  any  one  who  would  propose  a  better  term 
confer  a  boon  upon  investigators. 

Haviag  proved  that  the  effect  is  due  to  light  gives  riso  to  flifl 
question.  Does  the  light  diminish  the  resistance  of  the  selenii 
or  does  it  set  up  in  the  selenium  a  species  of  electrification 
electro-motive  force  that  produces  a  current  of  electricity  iu  itai 


.     it  ri 


50.]  OP  KADIANT  ENERGY  IKTO  SOUND.  369 

I  otlier  words,  b  the  light  on  the  selenium  similar  in  ita  action  to 
e  effect  of  heat  on  a  thermo-pile — to  produce  electricity  or  beat 
1  gntta  percha  to  reduce  its  resistance  ?  If  the  effect  is  to  pro- 
ice  electricity  iu  the  same  direction  as  the  original  current,  the 
feet  is  precisely  the  same  as  that  of  diminished  resistance.  In 
ir  practical  tests  in  telegraphy  we  know  that  one  of  the  greatest 
rarces  of  error  is  due  to  the  presence  of  earth  currents  and  other 
Bctro-raottve  forces  in  our  wires.  It  is  quite  possible  in  testing  a 
Lljmarine  cable  to  get  such  results  that  may  be  ten  miles  or  more 
it,  and  it  is  only  by  the  introduction  of  checks  and  counterchecks, 
r  tests  for  earth  currents  and  foreign  electro-motive  forces,  that 
lose  effects  can  be  eliminated.. 

The  question  has  been  very  carefully  examined  and  worked  out 

r  Professor  Adams,  with   the  assistance  of  Mr.  Day.     Professor 

dams  has  shown  that  there  exists  in  selenium  a  photo-electric 

ition.     He  has  shown  that  when  a  ray  of  light  falls  upon  a  bar  of 

leniura  there  is  set  up  in  that  bar  an  electro. motive  force  which 

'oduces  a   current,  the  bar  being,  in  fact,  for  the  time  converted 

ito  a  small  battery.     I  will  ask  Professor  Adams  to  kindly  repeat 

experiment  before  us.     [Professor  Adams  said  he  was  afraid 

it  the  experiment  could  not  be  easily  performed,  as  it  required 

the  contrivances  and  quietness  of  a  laboratory,  but  he  repeated 

1  fact  that  the  result  of  his  experiments  proved  that  light  falling 

selenium  produced  an  electric  current  without  any  battery  at 

1  being  in  circuit.] 

Mr.  Crookes'  experiments  have  confirmed  those  of  ProfesBor 
.dams.  Mr,  Crookes  has  performed  an  experiment  which,  like 
that  of  Professor  Adams,  is  also  too  delicate  to  be  produced  before 
an  audience.  But  to  shaw  the  care  that  the  philosopher  needs  to 
exercise  in  watching  his  experiments,  I  will  just  mention  that  in 
one  of  Mr.  Crookes'  researches  he  tad  a  radiometer,  the  vanes  of 
which  were  coated  on  one  side  with  chromic  oxide  and  on  the 
other  with  selenium.  In  May  of  one  year  he  found  that  the  radio- 
meter rotated  in  one  direction,  while  in  October  of  the  same  year 
it  rotated  in  the  reverse  direction.  Mr.  Crookes  is  one  of  those 
'ho,  like  moat  ardent  workers,  will  not  accept  errors  of  observa- 
explanation  of  anomalous  results :  an  observation  of  that 
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kind  means  something,  and  he  found  that  the  only  difference 
between  the  observation  made  in  May  and  that  made  in  October 
was  that  in  the  one  case  he  used  a  spei-ni  candle,  and  in  the  other 
case  a  wax  candle.  The  sperm  candle,  which  gave  the  whitest 
light,  caused  the  selenium  to  retreat,  and  the  wax  candle,  which 
gave  the  yellowest  light,  acted  in  a  similar  manner  on  the  chromic 
oxide.  That  shows  that  some  substances  convert  the  rays  of  higfi 
refrangibihty  into  heat,  while  others  convert  the  rays  of  lower 
refrangibility  into  heat,  selenium  being  one  of  the  former  class. 

It  not  having  been  settled  Trhether  this  effect  was  one  of  electro- 
motive force  or  of  resistance,  Mr.  Sabine  (_who,se  paper  is  in  the 
Philoaopkical  Magazine  for  June,  1878)  took  two  simple  plates  of 
selenium.  Selenium  is  something  like  sealing  wax,  capable  of 
being  melted  and  moulded  into  any  form,  though  it  is  a  most 
expensive  article.  It  melts  at  217  deg.  centigrade.  Mr.  Sahine 
took  two  plates  of  selenium  and  placed  them  in  liquid  (plain  water) 
in  a  dark  cell.  A  galvanometer  was  joined  up  in  circuit.  A  ray 
of  light  exposed  to  one  plate  caused  the  galvanometer  to  be  deflected 
in  one  direction.  A  similar  operation  on  the  other  plate  caused 
the  deflection  in  reverse  direction.  That  experiment  proved  that 
the  action  of  light  on  the  surface  of  selenium  was  to  set  up  on  its 
surface  an  electro -motive  force.  Mr.  Sabine  proved  still  further 
that  thermometric  heat  acted  in  a  similar  manner  to  light.  That 
was  proved  by  a  selenium  cell  surrounded  by  a  tube  through  whidi 
warm  water  was  passed. 

Professor  Minchin  (of  Cooper's  Hill  College),  following  in  the 
steps  of  Becquerel  and  Grove,  went  into  the  subject  more  from  ite 
photographic  aspect.  He  found  the  remarkable  fact  that  if  two 
clean  plates  of  tin-foil  are  inserted  in  hard  water,  and  light  is 
admitted  upon  one  plate,  a  strong  electro-negative  effect  appears, 
which  after  a  time  (which  is  very  variable)  changes  into  an  electro- 
positive effect. 

We  are  fortunate  in  having  nearly  all  the  workers  in  this  field 
of  enquiry  with  ua  to-night.  I  am  glad  to  say  that  Professor 
Minchin  is  among  them.  He  has  worked  on  this  subject  for  s 
long  time.  He  wrote  an  admirable  paper  (which  was  read  before 
the  British  Association),  and   showed  in  it  that  the  influence  of 
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light  was  remarkable  on  eocine  and  on  many  emulsions  used  for 
photographic  purposes.  [Professor  Minchin  exhibited  hia  cell,  and 
showed  the  very  high  deflection  produced  after  a  brief  exposure  of 
one  of  the  tin-foil  plates  to  a  magnesium  light.]  That  is  another 
proof  that  electro-motive  force  is  produced  on  the  plate  by  the 
incidence  of  light  upon  it. 

There  is  a  good  deal  of  wild  hypothesis  frequently  indulged  in 
in  enquiries  of  this  kind,  and  when  strange  facta  are  brought  before 
us  we  all  try  to  account  for  them  according  to  our  lights  ;  but  in 
this  particular  case  all  theory  must  be  mere  conjecture,  because  in 
xeality  we  know  very  little  of  the  constitution  of  matter,  and 
especially  of  such  matter  as  selenium,  which  sometimes  assumes  a 
cryfitalline  form,  sometimes  an  amorphous  form ;  at  one  time  look- 
ing very  much  like  a  metal,  and  at  another  time  most  unlike  a 
metal.  Before  this  critical  audience  I  will  not  venture  any 
hypothesis  as  to  the  alteration  of  selenium  under  the  influence  of 
light.  Its  adaptability  to  producing  sound  must  have  occurred  to 
most  persons  familiar  with  the  theory  of  the  telephone.  Professor 
Bell,  long  before  he  handled  selenium,  expressed  the  idea  in 
language  used  by  the  poet : 

'•  Such  silence :  one  might  hear  a  shadow  fall 
Athwart  the  silence." 
Mr.  Willoughby  Smith  three  or  four  days  afterwards  stated  in 
this  room  that  he  had  heard  a  ray  of  light  fall  on  a  bar  of  metal. 
I  had  worked  at  this  also,  because  I  saw  the  possibility  of  repro- 
ducing  sound ;  but  I  failed,  Thoae  who  work  hard  do  not  heed 
failures  :  they  are  accustomed  to  them.  Failures  always  promote 
progress ;  and  though  one  failure  may  lead  to  another  failure,  if 
you  have  health,  time,  and  strength,  you  may  depend  upon  it  that 
a  series  of  failures  at  last  leads  to  success. 

Professor  Bell,  with  the  assistance  of  his  friend  Mr.  Sumner 
Tainter,  attacked  this  subject.  They  saw  the  reason  why  we  on 
this  side  of  the  Atlantic  had  failed.  They  increased'  the  surface  of 
selenium  exposed  to  the  action  of  the  light ;  they  eliminated  that 
defect  called  "fatigue,"  and  secured  success  by  obtaining  less 
resistance,  a  greater  margin  of  change  due  to  the  incidence  of 
light,  and  greater  rapidity  of  action.     Professor  Bell's  apparatus  is 
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now  before  us.  It  has  been  especially  designed  for  sunlight 
effects,  and  therefore  I  will  not  attempt  to  work  with  it  to-night. 
But  another  earnest  worker  in  the  field,  Mr.  Shelford  Eidwell, 
who  sits  modestly  here,  has  produced  a  selenium  cell  both  simple 
and  cheap.  In  Professor  Bell's  arrangement  the  principle  is  to 
increase  the  surface.  Mr  Shelford  Bidwell,  following  the  sams 
lines,  has  taken  a  small  piece  of  mica,  around  which  he  has 
wound  two  copper  wires  at  a  short  distance  from  each  other. 
Selenium  is  then  poured  over  this  surface  and  allowed  by  a  slow 
process  to  anneal,  I  ought  to  have  mentioned  earlier  that 
selenium  is  found  in  two  states — first,  amorphous  or  vitreous, 
transparent  and  non-conducting;  secondly,  crystalline  or  metallio, 
opaque  and  conducting.  These  two  stages  pass  into  each  otbei 
sometimes  imperceptibly :  if  selenium  is  cooled  rapidly  it  becoroea 
amorphous,  if  cooled  slowly,  crystalline.  I  will  now  place  Mr. 
Eidwell's  cell  in  the  position  A  on  the  diagram  in  place  of  the 
wheel-break.  A  ray  of  light  is  falling  on  the  selenium,  in  front  of 
which  is  a  zinc  disc  which  has  been  cut  radially  so  as  to  cause  » 
periodic  incidence  on  the  cell.  The  cell  itself  is  in  circuit  with  an 
Edison  loud-speaking  telephone,  which  will  iodicate  the  sounds 
transmitted.  [The  first  esperiment  failed  owing  to  a  broken  wire, 
but  on  a  second  attempt,  sounds  were  heard  from  the  telephone.] 
Those  sounds  were  produced  by  the  intermittent  action  of  the  ray 
of  light  on  the  selenium  cell.  It  is  most  curious  how  freqaenlly 
the  poets  anticipate  practical  men.  Coleridge  said, 
"  Oh,  the  one  life  withiu  us  and  abroad, 
Whicli  meets  all  motion  and  hecomea  its  soul — 
A  light  in  auund,  a  eound-lite  power  in  light." 

There  ha  anticipated  the  reproduction  of  sound  by  the  mera  inter- 
mission  of  a  ray  of  light. 

I  dare  scarcely  venture  to  tread  on  the  ground  of  Professor 
Bell  when  he  is  himself  here,  but  I  will  complete  this  branch  of 
my  subject  before  I  give  you  the  opportunity  of  hearing  that 
gentleman  himself.  I  will  show  you  how  light  which  can  be  con- 
verted into  sound  can  be  utilised  for  speaking  purposes  at  a  dis- 
tance. In  the  first  place,  I  pointed  out  in  the  early  part  of  my 
remarks  that  to  produce  sonorous  vibration  we   must   have  the 
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vibration  of  ponderable  mjitter,  and,  as  you  all  know,  in  the 
telephone  and  phon<^raph  it  is  the  vibration  of  discs  that  produce 
the  representation  of  human  speech.  On  the  eud  of  the  table 
before  you  is  a  mirror  made  of  microscopic  glass :  it  is  so  thin  and 
elastic  that  when  I  make  a  sound  into  it  it  vibrates,  and,  now  the 
gas  is  turned  down  and  a  beam  of  light  thrown  on  the  mirror,  you 
will  see  reflected  on  the  screen  the  sonorous  vibrations  from  my 
mouth  as  they  appear  in  the  mirror  disc.  The  vibration  of  the 
disc  throws  the  beam  into  undulations.  That  represents  the 
simple  trausmilter  used  by  Professor  Bell.  I  will  now  cause  a 
few  diagrams  to  be  thrown  on  the  screen  to  illustrate  the  progress 
made  in  following  up  this  subject. 

1.  Mr.  Willoughby  Smith's  Selenium  Cell. — A  bar  of  selenium 
with  platinum  wires  inserted  at  each  end.  It  has  been  found  that 
much  variation  occurs  in  the  amount  of  contact  between  different 
metals.  The  contact  between  platinum  and  selenium  is  very  bad. 
And  represents  a  very  great  resistance.  Copper  and  brass  are  very 
«iuch  better,  and  one  of  the  principal  merits  of  Professor  Bell's  cell 

the  fact  that  he  uses  brass  instead  of  platinum.  In  the  same 
ly  Mr.  Shelford  Bidwell's  cell  works  well  because  he  uses  copper 
.tead  of  platinum. 

2.  Dr.   Siemens'    "Grating." — This    is    made    by   a  zigzag 
rangement  of  two  platinum  wires  moning  very  closely  together, 

id  coated  with  selenium.  Its  size  is  aboiit  that  of  a  threepenny. 
iece.  Had  Dr.  Siemens  increased  the  size,  no  doubt  he  would 
ive  obtained  greater  results. 

3.  Professor  Bell's  Arrangement. — This  ia  made  up  of  a  fieriea 
of  brass  and  mica  discs,  representing  very  much  that  which  is 
known  to  telegraphists  as  a  condenser.  The  brass  discs  have  the 
same  dianieter  as  the  whole  of  the  case :  the  mica  separating  discs 
are  of  a  slightly  smaller  diameter,  and  between  the  two  a  small 
ring  ia  left,  which  is  filled  with  selenium,  and  the  whole  arrange- 
ment then  becomes  altemat*  surfaces  of  brass  and  selenium, 
insulated  from  each  other  by  discs  of  mica.  Professor  Bell's 
arrangement  consists  of  a  hundred  or  more  of  these  discs. 

4.  Here  is  the  parabolic  mirror  which  receives  from  the  trane- 
litting  mirror  the  parallel  rays  of  light,  and  concentrates  them  on 
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the  Belenium  disc  in  the  centre,  where  they  produce  the  same 
effect  as  was  shown  m  Mr.  Bidwell's  cell. 

5.  This  figure  shows  the  photophone  complete  as  arranged  to 
be  worked  by  aolar  light.  The  solar  rays  are  incident  on  one 
mirror,  and  are  reflected  from  the  lens  through  a  water  trough  on 
to  another  mirror,  and  there  thrown  into  vibration  by  the  voice  of 
the  speaker,  when  they  become  undnlatory  in  proportion  to  tlie 
sonorous  vibrations  of  the  voice.  Those  are  representations  of  all 
the  paraphernalia  used  by  Professor  Bell  in  his  photophone.  The 
actual  apparatus  is  on  the  table  before  you,  but,  as  I  have  said,  it 
is  not  sliown  in  operation  on  account  of  being  constructed  for  solar 
action.  Professor  Bell  carried  out  hia  experiments  in  Washington 
in  the  most  beautiful  atmosphere,  clear  sky,  and  brilliant  sun,  and 
with  everything  conducive  to  success,  but  had  he  relied  upon  a 
British  sun  for  the  purpose  I  am  afraid  he  would  have  been  dread- 
fully disappointed.  It  ia  perfectly  true  that  Professor  Bell  ha 
spoken  through  a  distance  of  230  yards.  I  have  heard  Mr. 
Bidwell  speak  through  30  or  40  feet  with  as  great  clearness  as  in 
the  first  telephones  I  heard.  Yesterday,  at  the  Royal  Institution,  I 
heard  nursery  rhymes  with  a  clearness  which  was  astounding. 
Mr.  Bidwell  took  down  a  volume  of  Professor  Clifford  on  dyna- 
mics, and  read  a  paragraph  giving  a  whole  series  of  mathematicfJ 
symbols,  and  I  never  lost  a  sound.  The  "  s'a  "  were  perhaps  not 
clear,  but  my  imagination  filled  the  hiatus.  Therefore,  notwitii- 
standing  the  presence  in  this  room  of  several  sceptics,  I  have  not 
the  slightest  hesitation  in  saying  that  distinct  articulation  can  be 
obtained  from  this  wonderful  instrument,  the  photophone.  Mem- 
bers will  be  at  liberty  to  see  and  hear  for  themselves  at  the  cloae 
of  proceedings,  for  we  have  Mr.  Bidwell's  photophone  joined  up 
ready  for  use.  It  is  worked  by  lime  light  instead  of  the  electric 
light,  on  account  of  the  latter  being  accompanied  by  a  bisosg 
which  disturbs  clear  articulation. 

The  photophone  is  very  old,  though  I  am  sorry  to  announce 
this  before  Professor  Bell.  There  is  nothing  new  under  the  suu. 
A  certain  poet  said, 

"  Memnon,  ever  gazing  at  tbe  east, 
WaitH  till  the  arrows  of  the  brightening  dawn 
Smite  into  sQimd  Ite  Hileul  Uvia  o£  si 
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That  was  simply  putting  into  the  words  of  poetry  the  fact  that 
one  of  those  magnificent  statues  near  Tiiehes  at  early  dawn 
uttered  a  moaning  wail.  It  was  due,  doubtless,  to  some  rariiying 
effect  of  the  rising  sun  on  the  pure  air  of  the  desert.  I  have  heard 
a  celebrated  aeronaut  say  that  at  sunset  he  has  heard  a  low  wail 
come  as  it  were  from  the  horizon.  No  doubt  that  is  the  same 
effect  as  that  experienced  at  Memnon.  I  remember  reading  a 
remark  made  by  an  old  blind  mathematician,  who,  when  asked 
■what  was  his  conception  of  red  light,  said  that  "  it  reminded  him 
always  of  the  bla.st  of  a  trumpet,"  Many  of  you  perhaps  have 
read  that  magnificent  apostrophe  to  light  in  Milton's  Paradise  Lost, 
where  be  says, 

"  'With  the  year 
Seasoni  return,  bat  not  to  me  returns 
Day,  or  the  eweet  approach  of  even  or  mom, 
Oraight  of  vernal  bloom,  or  sommer'B  rose. 
Or  flocks,  or  berfls,  or  tiiiraan  face  divine ; 
But  clQUii  instead,  an  ever-during  dark 
Surrounds  me ;  from  tha  cheerful  ways  of  men 
Cntoff,  .... 

And  wisiloni  at  one  entmnce  quite  shut  out." 
It  has  been  my  pleasure  on  one  occaBion  to  have  indicated  to 
you  how,  with  the  aid  of  Professor  Hughes'  microphone,  we  might 
make  the  deaf  hear.  It  has  now  been  my  pleasure  to  show  bow 
Profesiior  Graham  Bell  has  even  made  the  blind  to  hear  the  light, 
and  partially  to  reopen  this  entrance  to  wisdom ;  and  I  have  left 
purposely  in  the  background  the  greatest  of  Professor  Bell's 
discoveries,  the  wonderful  direct  influence  that  light  has  upon 
matter  itself,  that  you  may  have  the  pleasure  and  gratification  of 
hearing  Professor  Bell  himself. 

Mr.  Latimee  Claek:  Mr.  Willoughby  Smith,  have  you  any 
I  observations  to  make  1 

I J       Mr.  WlLLOUGBY  Smith:    I  should  like  to  have  said  a  few 

'    words,  but  seeing  the  late  hour  of  the  evening,  perhaps  it  would 

be  keeping  the  members  too  long,  and  I  will  forego  my  remarks. 

Professor  Alexander  Geaham  Bell  :  It  gives  me  great 
pleasure  to  have  the  opportunity  of  saying  a  few  words  to  you 
upon  matters  not  touched  upon  by  Mr.  Preece,  although  I  would 
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rather  he  had  continued  bis  discourse.  It  certainly  is  a  veij 
extraordinary  sensatioti  to  hear  a  beam  of  sunlight  laugb,  coB|b, 
and  sing,  and  talk  to  you  with  articulate  words ;  but  when  yon 
come  to  understand  how  these  results  are  accomplished,  you  see 
that  the  operation  is  a  very  simple  one.  Mr,  Preece  has  told  us 
that  the  only  substance  yet  known  to  us  whose  electrical  resistance 
is  affected  by  light  is  the  substance  selenium.  When  we  look 
back  upon  the  history  of  the  discovery  of  this  property,  and 
realise  that  it  was  accidentally  made  while  investigating  the  cause 
of  an  observed  variability  of  conducting  power,  it  seems  difficult  to 
believe  that  selenium  is  the  only  substaiice  whose  electrical 
resistance  is  affected  by  light ;  and  the  conviction  grows  that  a 
persistent  search  will  reveal  other  chemical  elements  or  compounds 
possessing  this  property.  Of  course,  the  first  substances  to  wbioh 
we  would  turn  would  be  the  chemical  neighbours  of  selenium- 
tellurium,  sulphur,  and  phosphorus. 

Tellurium,  we  know,  in  the  hands  of  Professor  Adams  has 
yielded  indications  of  reduced  resistance  when  exposed  to  light 
like  selenium,  although  experiments  receotly  made  in  America, 
at  Yale  College,  by  Professor  Wright,  with  tellurium,  in  the  shape 
o£  a  thin  film  deposited  on  glass,  have  yielded  exactly  contrair 
results,  that  is,  the  resistance  "has  been  increased  by  light  instead 
of  being  reduced.  In  Washington,  I  have,  in  conjunction  with  my 
■  associate,  Mr.  Sumuer  Tainter,  sought  to  utilise  tellurium  in 
photophonic  experiments,  but  our  results  have  as  yet  been 
simply  negative.  The  difficulties  in  the  way  of  iuvesti gating 
changes  of  resistance  in  tellurium  are  of  the  opposite  nature  to 
those  encountered  in  studying  similar  changes  in  selenium.  In  the 
latter  case  the  normal  resistance  is  so  great  that  refined  methods 
have  to  be  employed,  and  in  the  former  case  the  resistance  is  30 
slight  that  equally  delicate  apparatus  has  to  be  employed.  In  our 
experiments  Mr.  Tainter  and  I  have  been  accustomed  to  cut  a  spiral 
groove  in  a  non-conducting  surface,  which  groove  was  filled  with 
tellurium.  We  thus  obtained  considerable  surface  and  increased 
resistance,  but  we  were  unable  to  detect  any  change  produced  hy 
light. 

In  the  year  1839  George   Knox  announced  that   sulphur  and 
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phosporus  became  conductors  of  electricity  when  fused,  but  the 
authority  of  Faraday,  who  placeiJ  these  substances  amongst  those 
which  were  non-conductora,  both  in  the  solid  and  liquid  condition, 
seems  to  have  overabadowed  this  statement,  for  their  non-conducting 
nature  seems  still  to  be  accepted  without  question. 

I  do  not  know  how  the  matter  may  he  in  regard  to  phoaphorua, 
but  in  respect  to  sulphur  the  statement  of  Knox  has  been  verified 
in  Washington  by  Mr.  Tainter  and  myself.  We  have  found  that 
the  yellow  liquid  formed  by  melting  flowers  of  sulphur  is  unmia. 
takably  a  condition  of  conductivity,  and  that  its  conductivity 
increases  with  rise  of  temperature,  until  the  liquid  begins  to  change 
colour.  The  conductivity  then  ceases,  and  no  amount  of  cooling  or 
reheating  seems  to  be  able  to  restore  its  conducting  power.  But  if 
you  heat  melted  flowers  of  sulphur  to  the  point  of  highest  con. 
ductivity,  and  then  cool  slowly,  the  substance  retains,  in  a  solid 
condition,  at  ordinary  temperatures,  a  percentage  of  its  conducting 
power.  This  I  look  upon  as  the  index  that  points  the  way  to  the 
utilisation  of  sulphur  in  place  of  selenium,  although  aa  yet  we  have 
failed  to  obtain  indications  of  change  of  resistance  produced  by  light. 

We  all  know  that  when  a  current  of  electricity  is  passed  round 
the  coila  of  an  electro.magnet,  a  molecular  disturbance  is  produced 
in  the  iron  core  of  the  magnet,  and  that  if  the  ctirrent  is  interrupted 
a  large  number  of  times  per  second,  the  rapid  succession  of  molecular 
changes  in  the  soft  iron  can  be  observed  as  sound  by  placing  the 
ear  in  close  contact  with  the  iron  core.  A  musical  tone  is  heard, 
the  pitch  o£  which  depends  upon  the  rapidity  of  the  interruption  of 
the  electrical  current.  While  discussing  this  fact  with  Mr.  Sumner 
Tainter,  it  occurred  to  us  that  a  molecular  disturbance,  hotvever 
^produced,  should  in  a  similar  way  be  audible  as  sound  when  rapidly 
intermitted.  We  know  that  a  molecular  disturbance  was  produced 
by  the  action  of  light  upon  crystalline  selenium,  and  it  therefore 
seemed  likely  that  when  this  substance  was  exposed  to  an  inter- 
mittent beam  of  light  a  musical  tone  might  be  perceived,  without 
any  electrical  apparatus,  by  placing  the  ear  in  contact  with  the 
selenium.  On  performing  the  experiment  with  bars  or  masaes  o£ 
selenium,  no  sound  was  heard.  We  also  listened  to  masses  of  iron 
and  other  substances  under  the  action  of  an  intermittent  beam  of 
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light,  in  the  hope  that  we  might  bs  abla  to  hear  the  EucceBsion  ot 
molecular  disturbances  produced  by  the  ray,  but  without  success. 
WLeD  the  cryatalline  selenium  was  connected  in  circuit  with  a 
battery  and  telephone,  very  perceptible  musical  tones  were  pro- 
duced from  the  telephone  when  the  selenium  was  exposed  to  an 
intermittent  beam  of  light.  It  was  our  custom  to  stop  the  sound 
by  shading  the  selenium  with  the  hand.  But  on  using  a  piece  of 
hard  rubber  or  ebonite  to  shade  the  light,  it  was  found  that  this 
apparently  opaque  substance  did  not  entirely  cut  off  the  sound 
audible  from  the  telephone  in.  connection  with  the  selenium.  It 
seemed  as  i£  an  invisible  beana  passed  through  the  ebonite  or  hard 
rubber,  impinged  upon  the  selenium,  and,  being  rendered  intermit- 
tent  by  such  a  perforated  wheel  as  you  see  here  to-night,  produced 
a  musical  tone  in  the  telephone.  This  tone  could  be  at  once  cut 
elf  by  placing  the  hand  in  the  path  of  the  invisible  beam. 

When  we  cut  oS"  the  beam  of  sunlight  before  reaching  the  first 
lens  by  interposing  the  hard  rubber,  an  invisible  beam  passed 
through  the  lens,  was  brought  to  a  focus  at  the  perforated  wheel, 
was  rendered  parallel  by  the  next  lens  and  projected  along  a  room 
for  several  yards,  and  was  then  brought  to  a  second  focus  by  another 
lens  upon  a  piece  of  seleniura  in  circuit  with  a  telephone  and 
battery,  and  a  musical  tone  was  clearly  produced.  In  this  case 
the  rotation  of  the  wheel  interrupted  what  was  then  an  invisible 
beam.  This  seemed  to  indicate  some  peculiar  property  about  hard 
rubber  or  ebonite,  and  bearing  in  miud  the  experiment  of  which  1 
have  told  you,  of  listening  directly  to  crystalline  selenium  and 
other  substances,  the  idea  occurred  to  listen  to  the  hard  rubber 
while  an  intermittent  beam  of  sunlight  was  falling  upon  it.  The 
result  was  extraordinary.  A  clear  musical  tone  was  immediately 
perceived.  By  using  the  sheet  of  hard  rubber  as  a  diaphragm, 
and  listening  through  a  hearing  tube  when  the  intermittent 
beam  of  light  fell  upon  the  diaphragm,  the  tone  produced  wbs 
immensely  increased  in  volume.  We  then  discussed  the  ques. 
tion  whether  this  property  belonged  wholly  to  hard  rubber,  or 
whether  it  was  due  to  the  form  in  which  the  rubber  was  presented 
to  the  beam  of  light.  In  our  earlier  experiments  we  had  used 
masses  of  crystalline  selenium  and  other  substances,  but  withotit 
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id  it  geems  probable  that  tlie  molecular  disturbance 
produced  by  light  in  opaque  bodies  was  chiefly  a  surface  action, 
and  that  the  vibration  had  to  be  mechanically  transmitted  through 
the  mass  of  the  substaoce  in  order  to  affect  the  ear,  and  that  this 
might  be  the  reason  why  better  results  followed  when  the  substance 
was  used  in  the  shape  of  a  thin  diaphragm.  We  constructed  a 
thin  diaphragm  of  selenium,  and  on  placing  it  in  the  apparatus  we 
found  a  simdar,  though  less  audible  effect  produced,  We  tlien 
tried  diaphragms  of  other  substances.  I  have  some  forty  or  fifty 
of  the  original  diaphragms  used  on  exhibition  here :  they  are  of 
different  materials,  and  all  produced  musical  tones  when  under  the 
influence  of  an  intermittent  beam  of  sunlight.  All  metals,  paper, 
gutta  percha,  different  kinds  of  wood,  even  leather,  and  in  fact  all 
the  substances  we  have  tried  in  the  shape  of  thin  diaphragms, 
have  yielded  soimds.  One  very  iateresting  and  suggestive  pecu- 
liarity showed  itself  in  these  experiments,  and  that  was  the 
difference  in  the  intensity  of  the  sound  audible  from  discs  exactly 
similar  in  every  respect  but  of  different  material  This  suggests  a 
wide  field  for  investigation. 

In  discussing  with  Mr.  Sumner  Tainter  the  necessity  of  using 
a  thin  diaphgram,  we  were  led  to  another  form  of  the  experiment 
still  more  interesting.  If  the  effect  of  intermittent  sunlight  was 
to  produce  a  surface  vibration,  we  were  evidently  listening  at  the 
WEong  side  of  the  diaphgram.  If  we  could  have  our  ear  in  rela. 
tion  to  the  illuoiinateii  side,  the  sound  should  he  louder.  We 
therefore  varied  the  experiment  by  throwing  the  light  into  the 
interior  of  a  tube.  By  bringing  the  beam  of  light  to  a  focus  just 
(m  the  interior  of  the  tube,  the  rays  diverging  from  the  focal  point 
struck  the  inside  of  the  tube,  and  our  ear  was  then  in  relation  to 
the  air  with  the  illuminated  surface.  By  throwing  a  beam  of 
sunlight  into  this  tube,  a  very  clear  musical  tone  was  produced. 
We  have  tried  substances  of  different  kinds  in  tubular  form,  and 
from  every  substance  so  tried  we  have  produced  a  musical  tone. 
I  may  say  that  it  is  not  even  necessary  to  use  an  artificial  tube, 
but  on  throwing  the  intermittent  beam  of  sunlight  into  the  ear 
self,  a  musical  tone  can  be  produced.  From  the  large  number 
experiments  made  by  Mr.  Sumner  Tainter  and  myself,  we  have 
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felt  ourselves  justified  in  announcing  tbis  as  a  general  property  of 
all  matter;  but  of  course  it  is  impossible  to  obtain  all  substances 
in  the  shape  of  tubes  or  diaphgraras ;  and  another  form  of  the  ei- 
perinient  has  octiurred  to  me  since  coming  to  Europe,  by  which  tie 
generality  of  the  phenomena  may  be  tested.  The  sun  fortunately 
came  out  for  about  an  hour  in  Paris,  and  I  was  able  to  test  tie 
experiment.  A  transparent  vessel,  such  as  a  glass  test  tube,  may 
be  taken,  into  which  substances  can  be  placed  in  any  physical 
condition  (solid,  liquid,  or  gaseous).  Connect  the  open  mouth  of 
the  test  tube  with  a  hearing  tube,  and  listen  while  you  submit 
the  contents  of  the  test  tube  to  the  action  of  an  intermittent 
beam  of  light.  All  the  substances  tried  so  far  have  given  sounds, 
except  chlorate  of  potash  in  a  state  of  powder,  plain  water,  and 
air,  I  have  tried  30  or  40  different  substances.  Crystals  of 
sulphate  of  copper  gave  out  clear  musical  tones.  A  whole  cigar 
placed  in  the  test  tube  emitted  a  beautiful  sound ;  and  evan 
tobacco -smoke  puffed  into  the  test  tube  yielded  a  sound.  The 
best  results  obtained  have  been  from  little  chips  of  wood  inserted 
in  the  test  tube.  I  have  since  had  the  opportunity  of  repeating 
these  experiments  with  the  electric  light  at  the  Eoyal  Institution, 
and  I  think  I  was  able  to  demonatate  the  existence  of  these  sounds 
to  the  satisfaction  of  Professor  Tyndall  and  one  or  two  others  who 
listened  to  them. 

I  will  not  take  up  your  time  any  longer,  but  simply  say  thai 
any  questions  that  it  is  within  my  power  to  answer  concerning  ihe 
experiments  made  in  America,  I  shall  be  happy  to  do  my  best  to 
reply  to. 

Professor  W.  G.  ADAits :  I  will  only  make  a  few  remarks 
on  a  point  which  has  not  been  raised  this  evening,  but  one 
which  ia  of  considerable  importance,  the  resistance  of  selenium 
and  its  changes  of  resistance,  when  it  is  in  the  state  in  which 
it  is  sensitive  to  light.  In  the  paper  by  Mr,  Day  and  myself, 
published  in  the  Philosophical  Transactions  in  1876,  is  a 
table  of  resistances  of  selenium  in  which  there  are  three  pieces 
with  resistances  of  63,  53,  and  55  ohms  :  these  pieces  are  all  very 
eensitive  to  light,  I  would  also  draw  attention  to  the  changes 
produced  in  the  resistance  of  crystalline  selenium  while  it  atiil 
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remains  in  the  Bensitive  state.  One  piece,  'which  in  May,  1S76, 
had  a  reaiatance  of  1,525,000  ohms,  was  found  in  May,  1877,  to 
have  a  resistance  of  S,9aO  ohms.  Another  piece,  which  in  May, 
1876,  had  a  resistance  of  120,000  ohms,  was  found  in  May,  1877, 
to  have  a  resistance  of  1,123  ohms,  and  another  in  the  same 
period  had  its  resistance  reduced  from  7,600,000  ohma  to  745 
pTims,  Another  piece,  with  a  resistance  as  low  as  28  ohms,  was 
etill  very  sensitive  to  light.  During  the  interval  no  experiments 
had  been  made  with  these  pieces,  but  the  change  is  similar  to  that 
produced  by  a  slow  process  of  annealing.  I  have  also  shown,  as 
Professor  Bell  has  stated,  that  selenium  is  not  the  only  substance 
which  is  sensitive  to  light,  and  probably  there  are  other  substances 
which  are  affected  in  the  same  way  as  selenium  and  tellurium. 
It  is  also  clear,  as  has  been  stated,  that  an  electromotive  force  is 
set  up  in  the  selenium  by  the  action  of  light,  but  when  a  battery 
current  is  passing  through  the  selenium,  the  principal  portion  of 
the  effect  produced  by  exposure  to  light  is  the  diminution  of  the 
electrical  resistance,  whereby  a  considerable  variation  of  the 
strength  of  the  battery  current  is  produced,  I  will  not  trespass 
further  on  the  indulgence  of  the  Meeting,  especially  as  Professor 
Sell  h&s  only  himself  had  time  to  give  us  such  a  short  account  of 
his  own  investigations,  so  much  interesting  matter  have  we  had 
brought  before  us  this  evening. 

Professor  TynDALL  :  My  scientific  seniors  are  in  the  room, 
and  I  would  rather  hear  their  observations  than  listen  to  my 
own.  With  regard  to  the  improbability  of  selenium  being  the 
<ttily  substance  sensitive  to  light,  I  agree  with  Professor  Bell  in 
thinking  it  unlikely  that  selenium  should  differentiate  itself  in  this 
respect  from  all  other  substances. 

"With  regard  to  the  beautiful  experiments  referred  to  by 
Professor  Bell,  and  in  connection  with  which  be  has  mentioned  my 
name,  I  can  bear  testimony  to  the  fact  that  musical  sounds  were 
emitted  by  all  the  substances  mentioned.  Professor  Bell  is  now  at 
the  outset  of  his  labours  in  this  direction,  and  stands  in  no  need  of 
BUgg^tioua  to  stimulate  or  guide  him  in  his  enquiries.  But 
perhaps  he  will  allow  me  to  state  the  thoughts  which  occurred  to  me 
as  I  witnessed  his  experiments.  Every  beam  of  light  is  also  a 
VOL.   IS.  D  1 
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beam  of  heat,  and  it  occurred  to  me  tbat  the  result  obtained  br 
Professor  Bell  might  be  due  to  the  known  action  of  beat  producing 
sudden  alterationa  of  shape  or  volume.  Zinc,  for  example,  yields 
Tery  good  results.  Now  zinc  has  a  very  high  co-efficient  of 
espansiion,  and  it  is  conceivable  that  the  sounds  emitted  by  zinc 
may  be  due  to  brisk  alterations  of  temperature  producing 
correspunding  espaDsioQS  and  contractions,  and  therefore  vibra- 
tions, in  the  zinc,  rather  than  to  the  specific  action  of  light. 

When  Professor  Bell  was  good  enough  to  show  rae  his  experi- 
ments, I  happened  to  be  myself  experimenting  on  the  action  of 
vapours  upon  radiant  heat.  Old  experiments  had  revealed,  and 
new  ones  had  confirmed  the  fact  that,  as  regards  the  absorption  of 
heat,  there  were  vast  differences  between  vapours.  This  is  well 
illustrated  bj^  the  deportment  of  bisulphiie  o£  carbon  and  of 
sulphuric  ether,  one  of  which  is  highly  tracsparent,  and  the  other 
highly  opaque  to  radiant  heat.  It  occurred  to  me  that,  if  the  action 
were  due  to  the  absorption  of  heat,  we  might  possibly  extract 
musical  sounds  from  sulphuric  ether  vapour,  whereas  bisulphide 
of  carbon  vapour  being  transparent  to  heat  rays,  theywould  go 
through  the  vapour  unabsorbed,  and  produce  no  sonorous  effect. 
I  think  Professer  Bell  will  bear  me  witness  as  to  the  result,  We 
placed  a  quantity  of  sulphuric  ether  vapour  in  a  test  tube,  and 
allowed  an  intermittent  beam  of  light  to  strike  upon  the  vapour  J 
far  above  the  liquid,  and  we  heard  distinctly  a  musical  tone  of  a  I 
pitch  corresponding  to  the  rapidity  of  the  flashes,  "We  then  took  ' 
the  bisulphide  of  carbon  vapour,  and  tried  it  in  a  similar  manner, 
but  neither  Professor  Bell  nor  myself  could  hear  any  trace  of  a 
musical  sound.  Professor  Bell,  as  I  have  said,  is  on  the  threshold 
of  his  investigation,  and  it  might  be  hasty  to  affirm  that  the  result* 
be  has  obtained  are  due  entirely  to  heat.  They  may  be  composite 
results,  due  in  part  to  light  and  in  part  to  heat ;  but  I  submit  tbat 
the  experiments  I  have  described  with  two  vapours,  equally  trans- 
parent to  light,  warrant  our  asking  whether  the  sounds  heard  i 
Professor  Bell's  experiments  with  discs  were  not  due  to  tJs  j 
absorption  of  heat,  which  threw  the  bodies  impinged  upon  by  the  I 
intermittent  beam  into  vibratory  motion. 
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On  Tuesday,  the  7tli  of  December,  I  had  the  pleasure  o£  wit- 
nessing some  of  the  experiments  of  Mr.  Shelford  Bldwell  on  a 
photophone  invented  by  himself.  Lenses  only  were  used  to  con- 
centrate the  light,  the  photophone  being  a  small  rectangle  instead 
of  a  cylinder.  The  effects  obtained  with  this  instrument  far 
exceeded  any  with  which  I  had  l^en  previously  acquainted.  By 
means  of  two  telephones  placed  in  the  theatre  of  the  Royal  Institu. 
tion,  the  words  evoked  by  a  photophone  placed  in  a  distant  laljora- 
tory  seemed  as  loud  and  as  distinct  as  if  fjiey  had  been  uttered 
close  at  hand. 

A  hearty  vote  of  thanks  was  then  passed  by  the  meeting  to  the 
President  for  his  instructive  discourse,  and  for  introducing  those 
gentlemen  who  assisted  and  made  observations  on  the  subject. 

The  Peesident:  Gentlemen, — My  thanks  and  your  thanks  are 
principally  due  to  Professor  BeLl  for  having  come  from  Paris  on 
purpose  to  be  here  to-night.  I  would  also  say  that  I  cannot 
conclude  without  asking  you  to  express  your  thanks  to  those 
gentlemen  who  have  so  kindly  assisted  me  in  bringing  before  you 
the  experiments  shown.  Mr.  Shelford  Bidwell  has  brought  hia 
apparatus,  and  worked  most  indefatigably  ;  and  Professor  Adams, 
Mr.  Willoughby  Smith,  Professor  Minchin,  Mr.  Sabine,  Mr.  Stroh, 
Mr.  Ladd,  and  others,  have  come  forward  with  such  kindness  and 
alacrity  that  will  always  induce  your  President  to  bring  before 
you  any  novel  subject  in  science.  I  must  also  thank  you  for  the 
attention  you  have  given,  and  especially  for  the  welcome  bestowed 
on  Professor  Graham  Bell  to-night. 

A  ballot  for  new  members  will  now  take  place,  after  which 
the  meeting  will  be  adjourned  until  Wednesday,  December  22ad, 
1S80,  which  will  be  the  Annual  Meeting.^ 

Elected  :— 

As  Foreign  Membera  : 

Gustave  Amiot. 

T.  D.  Lockwood. 

As  Members : 

Walter  Twiss  Glover. 

K  L.  Murray. 
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As  Aasoeiaiea  : 
George  Brooks  Almond.  George  Holmes. 

Thomas  Hanby  Brayshaw. 
George  Crabtree. 
James  Franklin. 
Captain  Walter  Qoodsall. 


J.  0.  KidcL 

W.  MacWhirter. 

Edwin  Pierce. 

John  Brewer  Saunders,  Jr. 


Lieut.  George  Alexander  Keith  Wisely,  B.E. 

As  Student : 
Montague  James  Scott. 


ia 
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A  General  Meeting  of  Members  and  the  Ninth  Annual  General 
Meeting  of  the  Society  was  held  on  Wednesday  evening, 
December  22nd,  1880,  at  the  Institution  of  Civil  Engineers, 
25,  Great  George  Street,  Westminster— Mr.  W.  H.  Pkbece, 
President,  in  the  Chair. 

The  Phesident  :  In  the  notice  calling  this  meeting  together  it 
was  stated  that  it  was  to  be  a  General  Meeting  of  members,  to 
dlEcuss  the  question  of  the  altemtion  of  the  title  of  the  Society  and 
other  matters,  and  that  afterwards  the  Annual  General  Meeting 
would  be  held.  I  have  to  announce  that  it  has  been  thought  better 
to  reverse  this  arrangement,  and  therefore,  with  your  permission, 
we  will  resolve  ourselves  into  the  Annual  General  Meeting  first. 
lie  ballot-box  will  remain  open  till  half-past  eight. 

Mr.  F.  Despointbs  and  Mr.  J.  F.  Betts  were  appointed 
scrutineers. 

The  Secbetaey  then  read  the  minutes  of  last  meeting,  an- 
nounced new  candidates,  and  read  the  Eeport  of  the  Council  for 
1880. 

EEPORT  OF  THE  COUNCIL  TO  THE  ANNUAL 
GENERAL  MEETING  OF  THE  SOaETV. 


^ 


Decbmbee  22, 1880. 
The   Council  have  to  report  that  the  additions  made  to  the 


.ug  the  year  are  as  follows : — 
5 


irious  classes  of  Members  duri 
Foreign  Members 
Members 
Associates 
Students 


In  addition  tu  these,  19  candidates  have  been  announced  for 
ballot  at  the  first  meeting  held  next  month,  viz.,  11  as  Foreign 
Members,  2  as  Members,  and  6  as  Associates. 

The  losses  on  the  other  hand  by  deaths  and  resignations  have 
amounted  to  29, 
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The  character  of  the  Papers  and  Communications  read  daring 
the  Session  has  been  fally  up  to  the  standard  of  interest  and  value 
•hitherto  attained,  as  will  be  acknowledged  on  reference  to  the 
subjoined  list : — 

SUBJECT.  AX7TH0B. 

Telegraphy  in  New  Zealand A.  T.  Maoinnitt,  Member. 

The  Durability  of  some  Iron  Wire W.  H.  Pskxcb,  President. 

Morse     Signalling    by     Magneto-Electric 

Currents      A.  Edxn,  Associate. 

Compensating  Induction  in  Parallel  Circuits    E.  H.  Wilson,  of  Chicago. 

Note  on  theElectro-Magnetic  and  the  Electro- 
static Induction  from  Wire  to  Wire  in 

Telegraph  Lines Profs.W.E.ATSTON&  JohnPssbt, 

Members. 

A  Fault  in  the  Construction  of  Differential 

Instruments J.  B.  Steasns,  Foreign  Member. 

Some   Becent  Improvements    in    Electric 

Light  Apparatus Alexandxr  Sishens,  Member. 

Kote   on   some   Effects   produced    by   the 

Immersion  of  Steel  and  Iron  Wires  in 

Acidulated  Water •    Prof.  D.  E.  Huohxs,  F.B.S., 

Member. 

Kote  on  Prof.  Hughes's  Communication    ...    W.  Chandlxs  Boberts,  F.B^. 

The  Adhesion  of  Metals  produced  by  Cur- 
rents of  Electricity         A.  Stbob,  Member. 

l^ote  on  the  Burning  of  the  Positive  Carbons 

in  Electric  Arc      J.  D.  F.  Andrews,  Student. 

On  the  Besistance  of  Galvanometers  ...    Oliver  Hxavisidx,  Associate. 

On  the  Determination  'Of  the  Position  of 
Faults  in  a  Cable  where  two  exist  at  the 
same  time  ., C.  ^00KIN,  Member. 

Testing  by  Beoeived  Currents  H.  B.  Kxicpb,  Member. 

The  Behaviour  and   Decay  of  Insulating 

Compounds  used  for  Dielectric  Purposes    W.  H.  Prxece,  President. 

A   New  Electrical    Speed    Indicator    for 

Engines ...        ^    H.  B.  Kempx,  Member. 

An  Improved   Form   of  Wheatstone   Be- 

ceiver  J.  Willmot,  Associate. 

A  Decade  in  the  History  of  English  Tele- 
graphy               „«    E.  GaiLVES^  Hoiu  Treasurer^ 

The  Dynamo-Electric  Current  in  its  Appli- 
cation to  Metallurgy,  to  Horticulture, 

and  to  the  Transmission  of  Power      ...    Dr.  Siemens,  F.B.S., 

Past  President. 


1830.]  ANNUAIi  EEPOET  OF  THE  COUSOIL.  387 

A  New  Syateia  of  8ubdivid.mg  the  Electric 

Light ..,     J.W.  Swan,  of  Newcastle-on-Tjne. 

The  Pliotophone  of  Prof.  Graham  Bell  and 

the  Conversion  of  Radiant  Eoergj  into 

Sound  "W.  H.  Peekce,  President. 

Some  of  tliese  papers,  notably  those  on  the  "  Electric  Light,"  by 
Mr.  Alexander  Siemens  and  Mr.  Swan,  "On  the  application  of 
the  Dynamo. Electric  Current  to  Metallurgy,  Horticulture,  and  to 
the  Transmission  of  Power,"  by  Dr.  C.  W.  Siemens,  and  on  "  Pro- 
fessor Graham  Bell's  Photophone  and  the  Coaversion  of  Radiant 
Eaergy  into  Sound,"  by  the  President,  were  brilliantly  illustrated 
by  experiments,  and  led  to  discussions  of  much  importance. 

In  addition  to  these  papers,  and  other  valuable  original  com- 
munications, the  Society's  Journal  for  the  current  year  includes 
abstracts  from  some  of  the  most  important  contemporaneous  peri- 
odicals (both  English  and  Foreign)  on  electricity  and  magnetism, 
care  fully  collated  under  the  able  superintendence  of  Professor  Ayrton 
as  Chairman  of  the  Editing  Committee,  The  Council  believe  that 
this  new  feature  in  connection  with  the  Journal  will  prove  of  much 
value  to  the  Members,  especially  to  those  who  have  not  the  oppor- 
tunity of  referring  to  the  scientific  publications  themselves,  from 
which  the  extracts  and  abstracts  are  selected  and  prepared. 

The  completion  and  publication  of  the  Ronalds  Catalogue  is  a 
Gt  subject  of  congratulation.  It  has  been  a  worii  of  much  labour 
and  considerable  expense,  but  has  resulted  in  the  production  of  a 
volume  of  immense  value  to  every  student  of  electricity,  and  the 
praises  so  abundantly  bestowed  upon  it  by  the  English  and  Foreign 
press  are  a  sufGcient  proof  that  the  materials  collected  at  the  cost  of 
80  much  time  and  money  by  the  compiler,  the  late  Sir  Francis 
Ronalds,  have  been  worthily  dealt  with  by  the  Editor,  Mr.  A.  J. 
Frost,  the  Society's  Librarian.  The  Council  strongly  recommend 
tbose  Members  who  have  not  yet  applied  for  a  copy  of  this  important 
vork  to  do  so  at  once,  as  there  is  reason  to  believe  that  a  consider. 
able  demaud  will  shortly  be  made  upon  the  remaining  stock  by 
foreign  libraries  and  booksellers. 

A  still  greater  subject  for  congratulation  is  afforded  by  the 
completion  o£  the  binding  of  the  books  and  pamphlets  co'CE5i\a\wj, 
Tills  work,  inciudin<r  tbe  c\assi^i;o.\,\o^ a.ii6> i'iVCfiSi-^'^'^'^ 
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into  volumes  of  tbe  immense  number  of  pamphlets,  baa 
carried  out  under  the  superintendence  of  the  Society's  Librarian, 
and  has  met  with  the  entire  approval  of  the  Trustees  of  tbe  Konald; 
Trust,  whom  the  President  and  Council  had  tbe  pleasure  o! 
welcoming  upon  tbe  occasion  of  tbe  inaugural  opening  of  ilie 
Library  on  the  SJ4th  of  last  month,  when  they  eodorseil  upon  the 
trust-deed  a  minute  recording  that  tbe  Society  bad  up  to  that 
time  satisfactorily  complied  with  the  requirements  of  tbe  Trust. 

A  very  complete  reference  catalogue  has  been  prepared  by  Mr. 
Frost,  and  Members  having  occasion  to  make  use  of  tbe  Library 
will  find  tbe  utmost  facility  is  thus  afforded  for  referring  to  any 
particular  work  which  it  contains. 

The  Council  have  arranged  that  the  Library  shall  be  opened  on 
and  after  tbe  lat  of  January  nest,  under  the  following  regulatiooa; 

1.  The  Society's  Library  is  open  to  members  of  all  Scientific 

Bodies,  and  (on  application  to   the   Librarian)  to  the 
Public  generally. 

2.  The  Library  is  open  daily  between  the  hours  of  ILO  a.ra. 

and  8,0  p.m.,    except  on  Thursdays  and  on  Saturdays, 
when  it  closes  at  2.0  p.m. 

3.  The  Library  will  be  closed  from  the  loth  August  to  the 

15th  September — both  days  inclusive — and  on  all  Public 
Holidays. 

4.  The  Library  is  to  be  used  for  reference  only,  and  no  Books, 

Pamphlets,  Journals,  or  Patent  Specifications  are  allowed 
to  be  taken  from  the  Library. 
6.  All  works  are   to   be    returned  to  the  Librarian  or  Lis 
Assistant,  and  are  not  to  be  replaced  on  the  shelves  by 
the  readers. 
The  President  of  the  Royal  Society,  Dr.  Spottiswoode,  tbus 
refers  to  the  Library  and  tbe  Catalogue,  in  his  Address  delivered 
last  month : — 

"  I  am  not  sure  how  far  the  tact  ia  known  to  the  Fellows  of  the  Eoyal 
Society  that  tbe  Society  of  Telegraph  Engineers  baa  thrown  open  to  the 
scientific  world  a  remarkable  collection  of  books  on  electrical  science,  coUeoted 
by  our  late  Fellow,  Sir  Francis  Bonalila,  and  bequeathed  by  bim  ta  that  SiKietf, 
Tbe  catalogue,  compiled  by  tbe  collector,  is  a  mouument  of  concentrated  and 
well-directed  labour," 
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The  Council  have  arranged  to  pliice  at  the  disposal  of  the 
iflbrary  Committee  the  sum  of  £50  per  annum,  towards  the 
of  providing  an  attendant  in  the  Library  during  the 
(venings,  and  for  the  purchase  of  modern  works  on  electricity  and 
tagnetism,  &c ;  but  as  this  sum  will  only  allow  of  a  liniited 
mber  of  new  books  bebg  acquired,  the  Council  trust  that 
(lembers  will  use  their  best  endeavours  to  obtain  from  authors 
ritb  whom  they  may  be  acquainted  the  presentation  of  their  works 
0  the  Society  and  Library. 

The  following  ia  the  Librarian's  Eeport  on  the  additions  made 
taring  the  year  by  presentation  and  by  purchase  :— 

Society  of  Telegraph  Engineers, 

4,  Broad  Sanctoart,  S.W.,  London, 

Dscember  20,  1880, 

the  Secretary, 

Society  of  Telegraph  Engicxeers, 

4,  Broad  Sanctuary,  S.W. 
SlE, 

1  beg  to  hand  you  for  the  information  of  the  Council, 
I  list  of  the  works  which  have  been  added  to  the  Library  during 
be  past  year.  The  list  does  not  include  the  large  number  of 
leriodicala  which  are  regularly  received  in  exchange  for  the  Journal 
of  the  Society. 

I  have  made  arrangements  by  which  the  Patent  Specifications, 
which  are  presented  to  the  Society  by  Her  Majesty's  Commissioners 
of  Patents,  will,  a'i  they  are  published,  be  in  the  Library  for  the 
use  of  the  Members  every  week,  so  that  every  specification  relating 
to  electricity,  magnetism,  &c.,  will  be  available  for  reference  as 
quickly  as  possible  after  the  date  of  its  publication. 

I  am.  Sir, 

Yours  faithfully, 

A.  J.  FROST, 
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LIST  OF  BOOKS  ADDED  TO  THE  LIBEAKY  DUEING  THE 

YEAB  1880. 

Adams,  Prof.  W.  G.,  P-R.S.   On  the  action  of  Light  on  Tellurium  and  Selenium, 
8vo,    7  pp.    (Proe.  Rtyy,  So€„  No.  166.)  London,  1876 

Presented  hy  the  Author. 

Adams,  W.  G-.,  and  Day,  B.  E.    The  action  of  Light  on  Selenium.   4to.    37  pp. 
(PJUl.  Trcma.)  Londoriy  1876 

Presented  by  Prof.  W.  G.  Adams,  P.B.S. 

Airy,  Sir  G.  B.,  K.C.B.    Eeport  of  the  Astronomer-Royal  to  the  Board  of 
Yisitors  of  the  Boyal  Observatory.    4to.    21  pp.  Lovidon,  1880 

Presented  by  the  Author. 

Anderson,  B-     Lightning  Oonductors;   their  history,  nature,  and  mode  of 
application.    8vo.    256  pp.  London,  1879 

Presented  by  the  Author. 

Beechey,  Fredk.  S.    Electro-Telegraphy.    8^0.    126  pp.  London,  1876 

Purchased. 

Olark,  Latimer,  and  Sabine,  Bobert.     Electrical  Tables  and  Formulae.    8yo. 

285  pp.  London,  1871 

Presented  by  Latimer  Clark,  Esq.,  M.LC.E.  (Post  President), 

Clausius,  R*     I>ic  Mechanische  Behandlung  der  Electricitat.    8yo.    852  pp. 

Bromnschvjeig,  1879 
Purchased. 

Du  Moncel,  I^c  Oomte  Th.    The  Telephone,  the  Microphone,  and  the  Phono- 
graph.   8vo.    363  pp.    Plates.  Zrondon,  1879 

Purchased. 

■  L'Eclairage  ^lectrique.   8vo.   364  pp.   Plates.   2nd  Edit.     Pctris,  1880 

Purchased. 

— — »    Notice  sur  la  vie  et  le  travauz  de  M.  Qaugain.    Sto.    92  pp. 

Caen, 1880 
Presented  by  the  Author. 

Ellis,  Wm.    On  the  relation  between  the  Diurnal  Bange  of  Magnetic  Declina- 
tion and  Horizontal  Force  .  .  .   4to.    20  pp.    {Phil.  Troms.)    London,  1880 

Presented  by  the  Author. 

EncyclopSBdia  Britannica.    Pa^  29.     Containing   articles   on  Electricity, 

Electrolysis,  Electro-Metallurgy  and  Electrometer.    4>to.    Plates. 

Edinbwgh,  1880 
Purchased. 

Evans,  Capt.,  F.BS.,  and  Smith,  A.,  LL.D.,  F.B.S.    Admiralty  Manual  for  the 
Deviation  of  the  Compass.    8vo.    199  pp.    Plates.   4th  Edit.    London,  1874 

Purchased. 

Qalante,  Don  Josd.    Manual  de  Mediciones  EUctricas.    8vo,    657  pp. 

Sevaia,  1880 
Presented  by  the  Author. 

(Hbson,  J.  C,,  and  Barclay,  T.    Measurements  of  Specific  Inductive  Capacity 

of  Dielectrics.    4to.    11  pp.    Plates.     (Phil.  Trans.)  London,  1871 

Presented  by  Sir  Wm.  Thomson,  LL.D.,  PJR.S.  (^Past  Presidoni), 

Gordon,  J-  S*  H.    A  Practical  Treatise  on  Electricity  and  Magnetism.    2  Vols. 
8vo.    323  and  295  pp.    Plates.  London,  18S0 

Purchased, 

Haggerston,  W.  J.    Catalogue  of  Books  of  the  Newcastle-upon-Tyne  Public 
Libraries.    8vo.    329  pp.  Newcastle-on-Tifne,  1880 

Exchanged. 

HiggS,  Faget,  LL.D.    Electric  Transmission  of  Power ;  its  Present  Position  and 
Advantages.    8vo.    87  pp.    Plates.  London,  1879 

Purchased. 
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HiggB,  Paget»  L.L.D.    The  Electric  Light  in  its  Practical  Application.    8vo. 
240  pp<    Plates.  London,  1879 

Purchased. 

Hoffineyer,  A.  Etude  sar  les  T^mp^tes  de  TAtlantique  Septentrional  et  projet 
d^n  Service  T^^graphique  International  relatif  li  cet  Oc^an.  4to. 
45  pp.  Copenhagen,  1880 

Presented  by  J.  L.  Hadsen,  Esq. 

Japan.    Japanese  text  of  the  London  Convention,  1879.    8vo.  1879 

Presented  by  H.  G.  Erichsen,  Esq. 

Jones,  Jno.    The  San  a  Magnet.    8vo.    44  pp.   Plates.'  Dundee,  1880 

Purchased. 
■    Undulation  of  the  Sun's  Magnetic  Nucleus.    Sm.  8vo.    24  pp. 

Dundee,  IBSO 
Presented  by  the  Author. 

Knapman,  J.  W.  Catalogue  of  the  Library  of  the  Pharmaceutical  Society. 
8vo.    445  pp.  London,  1980 

Prom  the  Society.    By  Exchange. 

Lemon,  Dr,    Beport  on  the  New  Zealand  Telegraphs.    Sm.  fol.    18  pp.  Plates. 

New  Zealand,  1880 
Presented  by  the  Author. 

Loring,  A.  E.    A  Handbook  of  the  Electro-Magnetic  Telegraph.    12mo.  98  pp. 
Plates,  New  York,  1878 

Purchased. 

ICEichan,  Bugald.    Determination  of  the  Number  of  Electrostative  Units  in 

the  Electro-Magnetic  Unit.    4to.    19  pp.    (Phil,  Trans,)        London,  1873 

Presented  by  Sir  Wm.  Thomson,  LL.D.,  r.R.B.  {Past  President). 

Maxwellt  J*  Clerk,  F.B.S.    The  Electrical  Besearches  of  the  Hon.  Hy.  Caven- 

•   dish,  r.B.S.,  written  between  1771  and  1781.    Edited  from  the  original 

documents  in  the  possession  of  the  Duke  of  Devonshire,  K.G.    8vo, 

454  pp.  Cambridge,  1879. 

Purchased. 

Mercadier,  M.  E.  Traits  El^mentaire  de  Telegraphic  Electrique,  8vo.  261  pp. 
Plates.  Paris,  1880 

Purchased. 
Meteorological  Society.    Quarterly  Journal  of.    8vo.  London,  1880 

Presented  by  the  Society. 

Overend,  Jas.  Elementary  Experiments  in  Electricity  and  Magnetism.  8vo. 
76  pp.  Edinburgh,  1879 

Purchased. 
Petrashevsky,  E*     Experimental  and  Practical  Electricity,  Magnetism,  and 
Galvamsm.    La.  8vo.    2  vols.  (1  vol.  plates).    (Russian). 

St.  Petersburg,  1876 
Presented  by  General  v.  Luders, 

Philosophical  Society  of  Adelaide,  South  Australia.  Transactions  and 
Proceedings,  Beports  of,  for  1878-79.    8vo.    140  pp.  Adelaide,  1879 

Presented  by  the  Society. 

Philosophical  Society  of  Washington.    Bulletin  of  the.    3  vols.    8vo. 

Washington,  1874-80 
Presented  by  the  Society. 

Pissarewsky.  N.  Handbook  of  the  construction  of  Overground  Lines. 
La.  8vo.    276  pp.    {Russian.)  8t.  Petersburg,  1878 

Presented  by  the  Author. 

Prescott,  C^«  B.  The  Speaking  Telephone,  Electric  Light,  and  other  recent 
Electrical  Inventicms.    8vo.    616  pp.    Plates.  New  York,  1879 

Purchased. 

Pope,  Erank  L.  Modem  practice  of  the  Electric  Telegraph  •  a  handbook  for 
Electricians  and  Operators.    8vo.    160  pp.    Plates.    10th  Edition. 

New  TorJc,  1877 
Purcha8e<^ 
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■  application  in  time  of  War.   8v«, 

St.  FtterttvTg,  1871 

Pceaenttd  by  General  v.  Lndeti 

Boyal  ObservatOiy,  Gre«Dwich.    Results  of  the  Maguetical  and  Meteorological 

01is..'iirtU0LiB  .  .  .  the  year  1878.     4U).  Londo*,  IHO 

PrtsunteU  by  Sir  G.  B.  Airy,  K.03..  F.E.S.  (Hob.  Jfemitr). 

BOBBlon  TelegraphB.     The  Statiatioal  Beport  of  the  Bussian  Telegraphs  for 

the  Vc^i  lo^.    La.  8vo,    78  ft  35  pp.    Plates  and  tables, 

St.  PeUriburg,  1B7J 

Presented  by  Ueneral  v.  Ludeti, 

SllOOlbred,  J-  N.    Electric  Lighting  and  its  practical  application,  nitb  result! 

from  existing  examples.    Svo.     lOS  pp.    f  Intes.  London,  18)1 

Purchased. 
SiemflOB,  C.  VT.,  S.C.L.,  F,B.B.    On  the  Smoke  Questiun.    Svo.    IE  pp.    Flatei. 

London,  1B80 
Preaented  by  th«  Author, 
Smith,  'Willoughby.    The  working  of  long  Submarine  Cabies.     8vo.    45  pp, 
(Reprintti  from  Ji/v/mal  iff  Society  of  Ttitgraph  Engineers.) 

Loitdim.JS» 

Presented  by  the  Aatlur. 

Smithsonian  Inatitntion.    Annual  Report  of  the  Board  of  Begents  for  1S78. 

8vo.    375  pp.  Wathinston,  IWJ 

Presented  by  the  Inatitntion. 

Society  of  Engineers.    Transact  ions  for  1879.    8vo.    221  pp.       London,  U80 

Pram  the  Society  by  ExcbangB, 

Sprague.  J-   T.     Electricity;    its   Theory,   Sonrcei,    and  Applications.    fl*e. 

3S1  p[).  Loiuion,  UTP 

Purchased. 

Thomson,  Sif  Wm.,  LL.D.,  F.E.S.     Effects  of  Stress  oa  Magnetization.    8»a 

(Proe.  Boy.  Soc.)  London,  UUt 

Presented  by  the  Antbor. 

^-^    Effects  of  Stress  on  Magnetization.    Svo.    21pp.     {Fhil.  Trant.) 

London,  1S7S 
Presented  by  the  Aathor. 
1  of  Iron,  Nickel,  and  Cobali. 
London,  1ST9 
Presented  by  the  Author. 


Presented  by  the  Coliecs. 

Calendar.    Session  1880-81,     Svo.     335  and  87  pp.  London,  1880 

Presented  by  the  Collegs- 

'Uiquhart,  J-  W.     Electroplating.      A   practical   Handbook,   including  the 

Practice  of  Elect-rotyping.    8vo,    316  pp.    Plates.  London,  IBSD 

Purchased. 

Electric  Light ;  its  Production  and  Use,    Edited  by  P.  0,  Webb,  M.I.CE- 

M.B.T.E.    Svo.    390  pp.     Plates,  London,  1880 

Pure  bated. 

"Weinhold,  Adolf  F.    Introduction  to  Experimental  Physics;  Theoretical  Hnd 

Praclicttl.    Translattid  and  edited  by  B,  Loewv,  F.K.A.a, ;  with  a  Pre f nee 

by  G.  C.  Foster,  F.H.S.    Svo.     839  pp.  Lotxfon.  1875 

Purcba«*J. 

"WoakresenBl^,  W.     The  Hughes  Printing  Instrument.    Svo.    B*  pp.     (Euf 

rioB).  St.  Petenbury,  1878 

Presented  by  General  v.  LmJere. 
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The  adoption  of  a  Universal  Wire  Gauge,  upon  which  a  com- 

Uttee  of  the  Society  reported  last  year,  is  still  under  the  con- 

ideration  of  the  Board  of  Trade,  who  have  recently  applied  to  the 

incipal  wire  manufacturers  for  an  expression  of  their  views  upon 

0  matter,  and  there  is  reason  to  hope,  therefore,  that  some  satis- 

ictory  solution  of  this  important  subject  may  soon  he  brought  to  a 

»ctical  issue. 

In  the  last  Annual  Report  reference  was  made  to  the  intended 

^plication  of  the  Society  for  the  grant  of  a  Eoyal  Charter  of 

P  Incorporation,   it   being  one   of   the  conditions   of   the  Ronalds 

■uat  that  such  application   should   he  made.     A  petition   was 

Kordingly  presented   this  year,  tut   since   the   passing   of   the 

Companies  Act,  1867,"  which  affords  to  Associations  such  as  our 

(ociety  a  simple  means  of  incorporation,  the  privilege  of  a  Royal 

larter  has  been   so  rarely   bestowed,   that  the  Members  will 

ircely  be  surprised  to  learn  that  the  efforts  of  your  Council,  in 

wLich  they  were  greatly  aided  by  the  advice  and  assistance  of 

your   Honorary   Solicitor    and    the   Honorary  Secretary,   proved 

unavailing.     It  is  therefore  their  intention  to  take  the  necessary 

steps  for  obtaining  the  Incorporation  of  the  Society  under  the  Act 

above  referred  to. 

The  Report  of  last  year  also  referred  to  an  intended  proposal 
to  make  some  addition  or  alteration  to  the  existing  title  of  the 
Society  with  the  view  of  indicating  more  clearly  that  its  Members 
are  not  confined  to  those  who  follow  the  profession  of  Telegraph 
Engineering,  and  that  its  mission  is  to  assist  in  the  advancement 
Mid  development  of  every  branch  of  £lectrica)  Science. 

The  question  of  what  the  alteration  or  addition  should  be,  has 
been  most  carefully  and  anxiously  considered  by  your  Council,  and 
after  mature  deliberation  they  have  come  to  the  conclusion  that 
the  object  in  view  would  be  attained  by  adding  to  the  present 
title  the  words  "  and  of  Electricians." 

Although  under  the  Rules  of  the  Society  this  question  can 
only  be  decided  by  the  votes  of  Members,  the  Council  desired 
before  finally  submitting  any  proposal  to  a  meeting  to  ascertain  as 
far  as  possible  the  views  of  all  three  classes  of  Members,  and  a 
circular  was  accordingly  issued  inviting  an  expression  of  assent  to  or 
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dissent  from  the  propositioD,  and  the  result  has  been  that  out  of  353 
replies  received,  only  17  express  dissent,  while  8  merely  suggest 
various  alternative  alieratioES,  every  one  of  which  it  may  be  stated 
had  already  been  fully  considered  by  the  Council, 

As  tbe  matter  is  to  be  brought  before  a  General  Meeting  ot 
Members  this  evening  it  is  unnecessary  for  the  Council  to  say 
more  than  that  they  have  most  carefully  weighed  the  merits  of 
every  possible  form  of  alteration  which  would  meet  the  required 
end  without  prejudicing  the  original  title  under  which  the  Society 
has  attained  lis  present  satisfactory  position  among  scientific 
bodies,  and  they  leave  the  final  decision  to  the  members  them, 
selves. 

As  the  Institution  of  Civil  Engineers,  to  whom  we  are  so  much 
indebted  for  the  use  of  their  theatre,  bold  their  meetings  oa 
Tuesdays,  only  one  day  is  left  for  fitting  up  apparatus  and  making 
the  necessary  arrangements  for  our  own  meetings,  and  this  has 
frequently  been  found  most  inconvenient.  In  order  to  obviate  the 
difficulty,  the  Council  have  obtained  the  sanction  of  the  Institution 
to  onr  holding  our  Meetings  in  future  on  Thursdays  instead  of 
on  Wednesdays. 

The  Council  have  pleasure  in  reporting  that  the  financial  posi- 
tion of  the  Society  is  now  more  satisfactory  than  has  been  the  case 
for  some  years  past. 

Although  in  the  general  interest  of  the  Society,  and  in  order 
to  augment  the  usefulness  of  its  operations,  an  increased  outlay 
under  some  heads  has  been  sanctioned,  the  vigilance  exercised  by 
your  Honorary  Treasurer  over  the  general  expenditure  has  enabled 
the  Finance  Committee  to  repay  in  less  than  two  years,  instead  of 
seven,  as  originally  provided,  the  whole  of  the  loan  granted  to  the 
Society  by  a  few  of  its  members  in  February,  1879,  and  (he 
Society  will,  therefore,  commence  the  new  year  entirely  free  from 
debt. 
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MS  VOTE  OP  THANKS,  4c.  [Dec.S 

Mr.  E,  E.  Bkiget  proposed  that  the  report  of  the  Council  be  I 
adopted,  and  said  that  it  was  a  very  able  report.  As  far  as  lie 
proceediogs  were  concerned,  he  was  quite  sure  that  the  work  done 
by  the  Society  in  bringing  forward  so  many  matters  of  the  highest 
interest  in  science  before  the  world,  in  the  year  just  concluded, 
must  be  generally  appreciated, 

Mr.  G.  G.  Newman  seconded  the  proposition.  I 

Mr.  "W.  S,  Andeews  remarked  that  the  Society  waa  Terj 
much  indebted  to  the  parent  Institution  of  Civil  Engineers  for 
placing  their  rooms  at  the  disposal  of  the  Society,  both  for  the 
meetings  of  council  and  ordinary  general  meetings ;  and  he  moved 
— "  That  the  cordial  vote  of  thanks  of  ihe  Society  be  presented  to 
the  Institution  of  Civil  Engineers  for  their  kindness  in  continoing 
to  lend  their  rooms  to  the  Society." 

Seconded  by  Sir  ChaeleS  Eeight,  who,  with  reference  to  a 
remark  in  the  Annua!  Report,  that  in  future  the  meetings  of  the 
Society  would  be  held  on  Thursdays  instead  of  Wednesdays  as 
heretofore,  remarked  that  such  step  was  brought  about  through 
the  inconvenience  frequently  felt  in  getting  apparatus  (such  as 
the  dynamo- electric  machines)  fitted  up,  from  want  of  time  J 
between  the  meetings  of  the  Institution  of  Civil  Engineers  on 
Tuesdays  and  those  of  the  Society  on  Wednesdays. 

Vote  of  thanks  duly  accorded. 

Mr.  E.  Gbaves  ;  I  think  there  is  another  duty  incumbent  upon 
the  Society  that  we  should  not  fail  to  discharge,  and  which  I  trust 
you  will  fulfil  most  enthusiastically  and  fervently.  There  is  a 
gentleman  who  has  assisted  us  to  a  very  marked  degree  and  in 
moat  important  matters,  whose  labours  have  hitherto  been  un- 
acknowledged, I  refer  to  our  honorary  solicitor,  Mr,  Bristows.  It 
is  not  only  on  general  grounds,  and  for  reasons  extending  over  many 
years,  hut  on  account  of  the  careful  and  assiduous  way  in  which 
he  has  worked  in  the  interest  of  the  Society  during  the  past  year, 
that  I  ask  for  your  present  attention.  You  are  aware  that  by  the 
condition  of  the  trust-deed  accompanying  the  bequest  of  the 
Bonalds  Library  to  the  Society,  it  was  required  that  within  five 
yeoiB  of  the  presentation  application  for  a  royal  charter  should  be 
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made.  You  have  been  informed  that  that  applicatioD  has  been 
made  and  declined,  but  the  fact  that  it  was  unsuccessful  does  not 
make  us  the  less  obliged  to  Mr.  Eristows  for  the  trouble  he  took 
in  connection  with  the  matter.  In  point  of  fact,  had  the  Society 
been  a  profitable  and  well-paying  client  instead  of  being  a  very 
barren  cause  of  trouble,  Mr.  Eristows  could  not  have  done  more. 
1  have  had  various  communications  with  him  in  reference  to  the 
proceedings  he  conducted.  He  drafted  our  petition,  made  arrange- 
ments for  presentation,  obtained  signatures  of  members  of  council 
in  its  support,  and  in  short,  did  everything  possible.  Therefore,  I 
think  I  may  rely  upon  your  giving  an  enthusiastic  and  fervent 
vote  of  thanks  to  Mr.  Eristows  for  the  general  interest  he  has 
taken  in  the  Society,  and  also  for  the  special  exertions  he  has 
made  on  its  behalf  during  the  past  year. 

Mr,  Ceomwell  r,  ViRLET :  I  have  the  greatest  pleasure  in 
seconding  the  motion  of  Mr.  E.  Graves.  I  think  I  am  right  in 
saying  that  no  member  of  the  Council  is  in  a  better  position  than 
myself  to  speak  accurately  as  to  the  great  value  of  the  services 
rendered  to  Telegraphy  by  the  firm  of  Wilson,  Eristows  &  Co. 

They  worked  with  Messrs.  Totberg  ill -Cooke  &  Wheatstone  in 
securing  their  patents,  and  in  their  tedious  legal  work  years 
before  the  Pioneer  Telegraph  Company,  viz.,  the  Electric  Telegraph 
Company,  was  established  by  royal  charter  in  1846.     During  the 

I  continuance  of  that  Company  up  to  1871  they,  under  the  following 
lugineers — W,  H.  Hatcher,  Edwin  Clark,  J,  Latimer  Clark, 
pyBelf,  and  lastly  Mr.  Cully,  carried  out  the  very  varied,  com. 
plicated,  and  numerous  agreements  entered  into  between  the 
Blectric  Telegraph  Company  and  the  various  Railway  Companies 
Imd  other  bodies. 
Their  experience  was  great,  indeed,  in  electric  matters,  and  by 
acting  as  our  honorary  solicitor,  Mr.  Eristows  proves  how  deeply 
he  has  identified  himself  with  the  great  object  our  Society  was 
formed  to  encourage  and  foster. 

Telegraphy  is  no  longer  a  merely  national  institution,  it  is 
international,  and  so  long  as  Electric  Telegraphs  exist  will  our 
honorary  solicitor's  name  occupy  a  prominent  place, 

I  have  the  greatest  pleasure,  while  secoiidm^  ^.Vei  Taa'Ov'att.,  ^A 
■  Iwing  able  to  bear  testimony  to  Mr.  Bristowa'  deaet^a.  ■ 


400  DISCCSSION  ON  ALTERATION  OF  TITLE.  [I>ec.I2ii.|, 

Mr.  Beistows  thanked  tli«  members,  and  said  that  he  always 
had  pleasure  in  doing  what  he  could  for  the  Society,  which  bad 
never  caused  him  a  great  amount  of  trouble,  and  would  be  happy 
to  offer  his  servtcea  as  he  had  hitherto  done. 

The  Annual  General  Meeting  waa  then  declared  adjourned,  and 
the  meeting  resolved  itself  into  the  General  Meeting  of  Members, 
for  the  purpose  of  considering  the  proposed  alteration  to  the  Title 
of  the  Society  and  alterations  to  rules. 

The  Peesidext:  The  first  proposition  is  as  decided  by  lifl 
Coiancil — "  That  the  Title  of  the  Society  be  altered  by  the  addition 
after  the  word  'Engineers'  of  the  words  'and  of  Electricians;' 
and  that  tlie  Council  be  empowered  to  take  all  necessary  steps  for 
giving  full  effect  to  such  alteration." 

Mr.  Alexander  Siemens  seconded  the  proposition,  and  said, 
that  since  the  Society  of  Telegraph  Engineers  was  first  started, 
the  varied  applications  of  electricity  had  grown  to  such  impor- 
tance, and  the  workers  in  them  differed  so  much  from  Telegraph 
Engineers,  that  it  seemed  desirable  to  adopt  for  the  Society  a  more 
general  Title.  The  best  Title  would  obviously  be  "  Society  of 
Electricians"  or  a  similar  one,  but  as  the  Telegraph  Engineeis 
had  formed  the  nucleus  from  which  the  Society  has  originated, 
their  name  should  be  allowed  to  remain  in  the  Title,  which  in  its 
new  form  would  be  sufficiently  comprehensive  to  include  all  futan 
additions. 

Mr.  A.  Le  Keve  Foster  objected  to  any  addition  to  the 
already  existing  lengthy  title.  No  doubt  the  Committee  had 
fully  considered  the  subject;  but  in  bis  opinion,  notwithstanding 
the  reasons  given  for  the  proposed  alteration,  he  was  of  opinion 
that  the  taclting-on  process  was  both  undesirable  and  unnecessary. 

Mr.  H.  C.  Donovan  maintained  that  as  the  principal  objects  of 
the  Society  were  purely  electrical  the  proposed  alteration  should 
be  a  prefix  and  not  an  affix,  such  as  in  other  societies— 
the  "Chemical,"  the  "Geological,"  "Mechanical  Engineers," 
"Physical,"  &c. 

Mr.  Cromwell  F.  Vablbt  :  I  would  just  mention  that  as 
regards  Mr.  Donovan's  proposal  a  section  of  the  Chemical  Society 
has  lately  had  under  discussion  the  question  of  forming  a  "  Society 
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of  Chemical  Engineers, "  It  lias  been  felt  by  many  that  chemistry 
is  too  large  a  subject  for  one  Society,  and,  further,  the  appliances 
necessary  for  chemical  manufacture,  inrolved  a  great  deal  that  is 
in  reality  engineering. 

Mr.  E.  Almack  thought  the  additional  "  of "  was  utmeeessary. 

The  President:  That  little  preposition  was  the  subject  of 
much  discussion,  and  it  was  ultimately  decided  by  the  Council, 
with  the  approval  of  the  Hon.  Solicitor,  that  to  make  the  title 
properly  comprehensive  tho  word  "  of  "  should  also  be  added. 

Professor  W.  E.  Ayrton  asked  if  it  would  not  be  well  if  the 
members  were  given  some  idea  o£  what  the  Council  had  done  in 
the  matter.  The  point  to  be  considered  was  not  what  would  have 
been  the  best  title  for  the  Society  years  ago,  but  rather  what  was 
best  to  do  now  so  as  to  imply  that  the  Society  included  (and  was 
most  anxious  to  include)  among  its  members  those  who  were  in  no 
sense  engineers.  The  late  Professor  Clerk  Maxwell  could  not  be 
called  an  engineer  in  any  sense.  Dr.  Tyndall,  our  new  president 
Professor  Foster,  as  well  as  Professor  Adams,  probably  would  not 
classify  themselves  as  telegraph  engineers,  and  yet  these  were 
among  the  most  valuable  members  of  the  Society.  No  doubt,  if 
the  Society  were  only  now  being  started  the  proper  title  would  be 
"The  Electrical  Society,"  but  that  was  not  the  question.  "What 
was  before  them  to-night  was  a  modification  of  a  title  that  already 
existed.  All  sorts  of  suggestions  had  been  brought  forward  by  the ' 
Council  and  discussed,  and  the  resolution  come  to  was  embodied  in 
the  proposition  of  the  Council  before  the  meeting.  The  new  title 
was  but  a  makeshift,  and  they  had  to  determine  on  the  best 
gaakeshift. 

The  President  formally  put  the  proposition  to  the  meeting,  and 
was  declared  to  be  carried. 

The  President  ;  The  next  proposal  is  that  rule  7  be  amended 
f  striking  out  the  words  "  and  the  Secretary,"  and  substituting 
^  Secretary  and  Librarian."     The  rule  is : — 

"  7.  The  officers  of  the  Society  shall  be  a  President,  four  Vice- 
'  Presidents,  and  twelve  other  Memhers,  who  shall  constitute  the 
'  CoiinciJ  to  direct  and  manage  the  affairs  of  the  Society;  also 
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"  two  Auditors  of  accounts,  two  or  more  Trustees,  a  Treasurer, 
"  Honorary  Secretary,  an  Honorary  Solicitor,  and  a  Secretary 
"  Sucli  officers  shall  be  elected  or  appointed  in  manner  hereinaft 
"  directed.     In  addition  to  th.e  above,  three  Associates  shall  be 
"  elected  annually  to  serve  on  the  Council.     The  Past  Presidents 
"  shall  be  Honorary  Members  of  Council." 

Looking  into  this  rule  it  was  found  tbat  by  its  wording  tlie 
Honorary  Secretary  and  Honorary  Treasurer  were  not  practically 
Members  of  Council,  and  that  now  a  Librarian  has  been  appointed 
provision  should  be  made  for  Lim  in  this  rule.  Therefore  it  is 
proposed  to  add  the  words  "and  a  Librarian"  to  the  list  of 
officers,  and  that  to  the  list  of  officers  forming  the  Council  shall  be 
added  the  words  "  the  Honorary  Secretary  and  the  Honorary 
"  Treasurer  for  the  time  being  shall  be  members  of  the  Council 
"  ex  officio."  Practically  tbey  already  act  as  such,  but  by  the 
improper  consfruction  of  the  rule  they  were  not  really  members. 
Your  vote  is  therefore  asked  to  make  these  two  most  useful  and 
necessary  additions  to  the  rule. 

Having  been  duly  put  and  seconded  the  propositions  were 
approved. 

The  next  proposition  is  tbat  to  the  Sth  rule  shall  be  added  the 
words  "  the  Librarian,"  so  that  the  rule  shall  read : — "  8.  All  the 
"  officers  except  Solicitor,  Trustees,  Auditors,  Secretary,  and 
•"  Librarian,  shall  be  elected  from  the  class  of  Members." 

Carried. 

To  the  9th  Rule  it  is  proposed  to  add  the  words — "  and  the 
Librarian,"  so  that  the  rule  shall  then  read : — "  9.  All  offices  shall 
"  be  honorary  except  that  of  Secretary  and  Librarian.' 

Carried, 

Mr.  F.  C.  Wbbb  asked  whether  the  desirability  of  a  genei 
index  to  the  proceedings  of  the  Society  from  its  commencenn 
had  been  discussed  at  all,  When  making  references  he  had  b( 
much  delayed  by  bai'ing  to  make  a  separate  reference  for  &i 
part,  when  a  general  index  could  either  be  brought  up  to  date,  i 
at  least  made  to  cover  a  given  number  of  volumes.  The  Civl 
Engineers  had  an  index  of  the  kind  to  every  20  volumes  ot  thd 
proceedings. 


the    I 
t,haM 


1880.]  GOUNOIL  FOB  1881.  408 

Professor  Atbton  (as  Chairman  of  the  Editing  Committee) 
said  that  he  was  pleased  to  be  able  to  mention  that  the  subject 
had  been  very  carefully  considered,  and  that  a  kind  offer  made  by 
the  Librarian  (Mr.  Frost)  to  compile  such  an  index  for  the  Society 
up  to  the  end  of  the  year,  or  perhaps  up  to  the  end  of  the  next 
volume,  No.  X,  had,  he  need  hardly  say,  been  accepted. 

The  scrutineers  then  presented  the  result  of  the  ballot,  when 
it  was  declared  that  the  officers  elected  for  the  ensuing  year  were 
as  follows : — 

President : 
Professor  G.  C.  FoSTBB,  F.R.S. 

Vice  Presidents : 


Lieut. -Col.  Webbeb,  R.E. 

WiLLOUGHBY  SMITH. 


Professor  W.  G.  Adams,  F.R.S. 
C.  E.  Spagnoletti,  M.LC.E. 


Honorary  Treasurer: 
Edwabd  Gbayes. 

Honorary  Secretary  : 
Colonel  Fbank  Bolton. 


W.  S.  Andbews. 

W.  T,  Ansell. 

Sib  Ohables  T.  Bbight,M.I.C.E. 

H.  G.  Ebichsen. 

Col.  Gloveb,  R.E. 


Members  of  Cowndl : 

Professor  D.  E.  Hughes,  F.R.S. 
A.  Stboh. 

C.  F.  Vablet,  F.R.S. 
H.  a  FoBDB,  M.LC.E. 
.  E.  B.  Bbight. 


Alexandeb  Siemens. 

Associate  Members  of  Cov/ncU: 
Lieut.  P.  Cabdew,  R.E.  |  J.  F.  Moulton,  F.R.S. 

R.  E.  Cbompton. 

A  vote  of  thanks  was  passed  to  the  scrutineers. 

The  Pbesident  then  declared  the  meeting  adjourned. 
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[The  following  has  been  communicated  by  the  author  to  t 
Society,  as  the  authentic  account  of  his  recent  expertmenta] 

UPON  THE  PRODUCTION  AND  REPRODUCTION  OF  J 
SOUND  BY  LIGHT. 

By  Alexandee  Qsaham  Bell,  Ph.D. 

(A  Paper  rood  h^ore  the  American  Atsociation  for  ihe  Adamcement  of  Science,  ii 
Saston,  on  lh«  27th  Augait,  ISSO.) 

In  bringing  before  you  some  diacoveriea  made  by  Mr.  Sumner 
Tainter  and  myself,  which  have  resulted  in  the  construction  of 
apparatus  for  the  production  and  reproduction  of  sound  by  meaiiB 
of  light,  it  is  necessary  to  explain  the  state  of  knowledge  which 
formed  the  starting  point  of  our  experiments. 

I  shall  first  describe  that  remarkable  substance  "Selenium," 
and  the  manipulations  devised  by  previous  experimenters ;  but  the 
final  result  of  our  researches  has  widened  the  class  of  substances 
sensitive  to  light-vibrations,  until  we  can  propound  the  fact  « 
such  sensitiveness  being  a  general  property  of  all  matter. 

We  have  found  this  property  in  gold,  silver,  platinum,  i 
steel,  brass,  copper,  zinc,  lead,  antimony,  German  silver,  Jenl 
metal,  Babbitt's  metal,  ivory,  celluloid,  gutta  percha,  hard  i 
soft  vulcanised  rubber,  paper,  parchment,  wood,  mica,  and  s 
glass ;  and  the  only  substances  from  which  we  have  not  obtainM 
results  are  carbon  and  thin  microscope  glass.  Later  esperimein 
have  shown  that  these  aie  not  exceptional. 

We  find  that,  when  a  vibratory  beam  of  light  falls  upon  thei 
Bubstances,  they  emit  sounds,  the  pitch  of  which  depends  upon  t! 
frequency  of  the  vibratory  change  in  the  light. 

We  find,  further,  that  when  we  control  the  form  or  character  i 
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the  light- YibrationR  on  selenium  (and  probably  on  the  other  sub- 
stances), we  control  the  quality  of  the  sound,  and  obtain  all 
varieties  of  articulate  speech.  We  can  thus,  without  a  conducting 
wire  as  in  electric  telephony,  speak  from  station  to  station  wherever 
we  can  project  a  beam  of  light.  We  have  not  had  the  opportunity 
of  testing  the  limit  to  which  this  photophonic  effect  may  be 
extended,  but  we  have  spoken  to  and  from  points  213  metres  apart ; 
and  there  seems  no  reason  to  doubt  that  the  results  will  be  obtained 
at  whatever  distance  a  beam  of  light  can  be  flashed  from  one 
observatory  to  another.  The  necessary  privacy  of  our  experiments 
hitherto  has  alone  prevented  any  attempts  at  determining  the 
extreme  distance  at  which  this  new  method  of  vocal  communication 
will  be  available. 

I  shall  now  speak  of  Selenium. 

Selenium, 

In  the  year  1817,  Berzelius  and  Gottlieb  Gahn  made  an 
examination  of  the  method  of  prepariDg  sulphuric  acid  in  use  at 
Gripsholm,  and  during  the  course  of  their  examination  they 
observed  in  the  acid  a  sediment  of  a  partly  reddish,  partly  clear 
brown  colour,  which,  under  the  action  of  the  blow-pipe,  gave  out  a 
peculiar  odour,  like  that  attributed  by  Klaproth  to  tellurium.  As 
tellurium  was  a  substance  of  extreme  rarity,  Berzelius  attempted 
its  production  from  this  deposit ;  but  he  was  unable,  after  many 
experiments,  to  obtain  further  indications  of  its  presence.  He 
foimd  plentiful  signs  of  sulphur  mixed  with  mercury,  copper,  tin, 
zinc,  iron,  arsenic,  and  lead,  but  no  trace  of  tellurium. 

It  was  not  in  the  nature  of  Berzelius  to  be  disheartened  by 
this  result.  In  science,  every  failure  advances  the  boundary  of 
knowledge  as  well  as  every  success,  and  Berzelius  felt  that,  if  the 
characteristic  odour  that  had  been  observed  did  not  proceed  from 
tellurium,  it  might  possibly  indicate  the  presence  of  some  substance 
then  unknown  to  the  chemist.  Urged  on  by  this  hope  he  returned 
with  renewed  ardour  to  his  work. 

He  collected  a  great  quantity  of  the  material,  and  submitted 
the  whole  mass  to  various  chemical  processes.  He  succeeded  in 
separating  successively  the  sulphur,  the  mercury,  the  copper,  the 
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tin,  and  the  other  known  BuTjstancea  whose  presence  had  been 
iadicated  by  his  tests,  and,  after  all  these  hud  been  eliminated, 
there  stiU  remained  a  residue,  ■which  proved  upon  examination  to 
be  what  he  had  been  in  search  of — a  neto  elementai-y  aubstavM.       , 

The  chemical  properties  of  this   new  element  were  found  to   ' 
resemble  those  of  tellurium   in  such  a  remarkable  degree  that 
Eerzelius  gave  to  the  substance  the  name  of  "Selenium,"  from 
the  Greek  word  o-eX^i^,  the  moon  ("  Tellurium,"  as  is  well  known, 
being  derived  from  tellus,  the  earth). 

Although  tellurium  and  selenium  are  alike  in  many  respecl-, 
they  differ  in  their  electrical  properties,  tellurium  being  a  good 
conductor  of  electricity,  and  selenium,  as  Eerzelius  showed,  a  non- 
conductor. 

Knox*  discovered  in  1837  that  selenium  became  a  conductor 
when  fused  ;  and  Hittorff.t  in  1851,  showed  that  it  conducted  at 
ordinary  temperatures  wbeu  in  one  of  its  allotropic  forms. 

When  selenium  is  rapidly  cooled  from  a  fused  condition,  it  is  a 
non-conductor.  In  this,  its  "  vitreous  "  form,  it  is  of  a  dark  brown 
colour,  almost  black  by  reflected  light,  having  an  exceedingly 
brUliant  surface.  In  thin  films  it  is  transparent,  and  appears  of  a 
beautiful  ruby  red  by  transmitted  light. 

When  selenium  is  cooled  from  a  fused  condition  iuith  extreme 
slowness,  it  presents  an  entirely  different  appearance,  being  of  a 
dull  lead  colour,  and  having  throughout  a  granular  or  crystalline 
structure,  and  looking  like  a  metal.  In  this  form  it  is  opaque  to 
light,  even  in  very  thin  films.  This  variety  of  selenium  has  long 
been  known  as  "granular"  or  "crystalline"  selenium,  or,  as 
Regnault  called  it,  "  metallic"  selenium.  It  was  selenium  of  this 
kind  that  Hittorff  found  to  be  a  conductor  of  electricity  at  ordinary 
temperatures.  He  also  found  that  its  resistance  to  the  passage  of 
an  electrical  current  diminished  continuously  by  heating  up  to  the 
point  of  fusion,  and  that  the  resistance  suddenly  increased  is 
passing  from  the  solid  to  the  liquid  condition,} 

•  Trans.  Roy.  Irish  Aead.,  1839,  vol.  xix.,  p,  147;  nlflo  Phil,  Mag.,  (3rd  ser.), 
vol.  xvi.,  p.  186. 

t  Fogg.  Anna^  vol.  IxKtii'.,  p.  214 ;  also  Fhil.  Uag^  (4th  aer.),  vol.  iii,,  p.  G16. 

J  See  Draper  and  Moss  in  Proa,  Roy.  Inth  Acai.,  November,  1873,  (and  ser.), 
vol.  i,  p.  52Q.  J 
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lb  was  early  discovered  that  exposure  to  sunlight'  hastens  the 
change  of  selenium  from  one  allotropic  form  to  another,  and  this 
observation  is  significant  in  the  light  of  recent  discoveries. 

Although  selenium  has  heen  known  for  the  last  sixty  years, 
it  has  not  yet  been  utilised  to  any  extent  in  the  arts,  and  it  is  still 
considered  simply  as  a  chemical  curiosity.  It  is  usually  supplied 
in  the  form  of  cylindrical  bars.  These  bars  are  sometimes  found 
to  be  in  the  metallic  condition,  but  more  usually  they  are  in  the 
I  Titreous,  or  non-conducting  form. 

It  occurred  to  Willoughby  Smith  that,  on  account  of  the  high 
WLStance  of  crystalline  selenium,  it  might  be  usefully  employed  at 
i  shore  end  of  a  submarine  cable  in  his  system  of  testing  and 
palling  during  the  process  of  submersion. 

[  TJpon  experiment,  the  aelenium  was  found  to   have  all  the 

iatance   required,  some   of   the   bars   employed  measuring  as 

|Dch  as  1,400  megohms,  a  resistance   equivalent  to  that  which 

,dd  be  offered  by  a  telegraph  wire  long  enough  to  reach  from 

B  earth  to  the  sun. 

But  the  resistance  was  found  to  be  extremely  variable.    Efforts 

Bre  made  to  ascertain  the  cause  of  this  variability,  and  it  was 

ivered  that  the  resistance  was  less  when  ike  selenium  v;aB 

Ksed  to  light  tltmh  when  it  was  m  the  dark. 


This  observation,  whi 
^Willougbbj  Smith' 

^ified  by  a  careful  seri 


■ich  was  first  made  by  Mr.  Mayf   (Mr. 
listant   stationed   at  Valentia),   was   soon 
■ies  of  experiments,  the  results  of  which 
communicated  by  Mr.  Willoughby  Smith  J  to  the  Society  of 
legraph  Engineers  on  the  12th  of  February,  1873. 
Platinum  wires  were  inserted  into  each  end  of  a  bar  of  crystal- 
le  selenium,  which  was  then  hermetically  sealed  in  a  glass  tube, 
rough  the  ends  of  which  the  platinum  wires  projected  for  the 
'purpose  of  connection.     One  of  these  bars  was  placed  iu  a  box, 

•  Omtlins'  Bandhaoli  qf  Chemistry,  ]819,  vol.  ii,,  p,  235.  See  also  Hittorff  in 
the  FKil.  ifag.  for  1853,  (ith  ser.),  vol.  iii.,  p.  517. 

f  See  lecture  by  Dr.  0.  W.  Siemens  in  Proc.  Roy.  Inst,  of  Great  Britaifi,  vol. 
»iiL,p.6S. 

J  Jown,  <if  Eoe.  of  Teleg.  Engin.,  vol.  ii,  p.  73 ;  Nature,  yol.  vii.,  p.  303 ;  Am»r. 
Jmn.  of  Sdenee  and  Arts,  1873,  Tol.  cv.,  (3rd  aer.),  p.  301, 
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the  lid  of  which  was  cloeed  so  as  to  shade  the  selenium,  and 
resistance  of  the  substance  was  measured.    Upon  opening  the 
of  the  box  the  resistance  instantaneously' diminished. 

When  the  light  of  an  ordinary  gas  burner  (which  was  pi 
at  a  distance  of  several  feet  from  the  bar)  was  intercepted 
shading  the  selenium  with  the  hand,  the  resistance  increased  ; 
upon  passing  the  light  through  rock  salt,  and  through  glasses 
yarious  colours,  the  resistance  was  found  to  vary  according  to 
amount  of  light  transmitted. 

In  order  to  be  certain  that  temperature  had  nothing  to  do  wii 
the  effect,  the  selenium  was  placed  in  a  vessel  of  water,  so  that 
light  had  to  pass  through  a  considerable  depth  of  water  in  order 
reach  the  selenium.    The  effects,  however,  were  the  same  as  befoi^sisec 

When  a  strong  light  from  the  ignition  of  a  narrow  band 
magnesium  was  held  about  nine  inches  above  the  water,  the  resi 
ance  of  the  selenium  immediately  fell  more  than  two-thir 
returning  to  the  normal  condition  upon  the  removal  of  the  light. 

The  announcement  of  these  results  naturally  created  an  inte 
interest  among  scientific  men  ;  and  letters  of  inquiry  regarding  ti 
details  of  the  experiments  soon  appeared  in  the  columns  of  Katu 
from  Harry  Napier  Draper*  and  M.  L.  Sale,t  which  were  answe 
in  the  next  number  by  Willoughby  Smith.  J    Sale  and  Dra 
were  soon  able  to  corroborate  the  statements  that  had  been  m 
by  Willoughby  Smith.      Sale§   presented  his   researches   to    t 
Boyal  Society  on  the   8th  of   May,  1873,  and,  in  the  foUowi 
November,   Draper ||    presented  his  results   to  the  Royal   Iri^itii 
Academy,  in  the  shape  of  a  joint  paper  by  himself  and  BichaJ:^ 
J.  Moss.  id^ 


•  Nature,  vol.  vii.,  p.  340,  March  6th,  1873.  t  Ibid, 

X  Nidure,  vol.  vii.,  p.  3^1,  March  13th,  1878. 

§  Proc  Boy,  8oc,,  vol.  xxi.,  p.  283.   See  also  Fogg,  Ann,,  OL.,  p.  888 ;  Phil,  Mi 
4th  ser.),  xlvii.,  p.  216 ;  Natwre,  vol.  viii.,  p.  131 

II  Proc,  Roy,  Irish  Acad,,  (2nd  ser.),  Nov.  10th,  1873,  vol.  i.,  p.  629.    See  also 
communication  from  Bichard  J.  Moss  to  NaJbwre,  August  12th,  1875,  vol. 
p.  291,  being  an  answer  to  a  letter  from  J.  E.  H.  (Gordon  upon  the  <<  Anomaloi 
Behaviour  of  Selenium,"  published  in  that  journal  on  the  8th  of  July,  1875  (i 
vol.  xii.,  p.  187). 
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I    Draper  and  Moss  gave  in  their  paper  an  admirable  summary  of 
pe  condition  of  our  knowledge  regarding  selenium  at  that  time. 
[bey  confirmed  Hittorff's  observation  that  the  temperature  of 
irnimum  resistance  of  granular  selenium  was  somewhere  about 
B0°  C,   and  that  at  217°  0.   (the  fusing    point)  the  resistance 
iddenly  increased.     They  carried  the  temperature  to  a  still  higher 
pint  than  Hittorff  had  done,  and'  found  that  the  resistance  again 
pinishedy  reaching  a  second  minimum  at  250°  C. 
i    During  the  course  of  their  experiments  they  produced  a  variety 
f  granular  selenium,  not  different    in  appearance  from  other 
^imens,  but  having  different  electrical  properties.     In  this  form 
lie  resistance  became  greater,  instead  of  less,  when  the  temperature 
fas  raised.     They  also  used  thin  plates  of  selenium,  instead  of  the 
flindrical  bars  formerly  employed,  and  found  great  advantage 
lom  the  increased  sensitiveness  of  these  plates  to  light. 
I    Sale  found,  upon  exposing  selenium  to  the  action  of  the  solar 
^ctrum,  that  the  maximum  effect  was  produced  just  at  or  outside 
ke  extreme  edge  of  the  red  end  of  the  spectrum^  in  a  point  nearly 
jsmcident  with  the  maximum  of  the  heat  rays,  thus  rendering  it 
^certain  whether  the  effect  was  due  to  light  or  to  radiant  heat> 
I    In  the  winter  of  1873  the  Earl  of  Rosse*  attempted  to  decide 
Ms  question,  by  comparing  the  selenium  effects  with  the  indica- 
ions  of  the  thermopile.    He  exposed  selenium  to  the  action  of 
kDn-luminous  radiations  from  hot  bodies,  but  could  produce  no 
ffect,  whereas  a  thermopile  under  similar  conditions  gave  abun- 
lant  indications  of  a  current.     He  also  cut  off  the  heat  rays  of  low 
efrangibility  from  luminous  bodies  by  the  interposition  of  glass 
nd  alum  between  the  selenium  and  the  source  of  light,  without 
aaterially  affecting  the  result ;  but,  when  the  thermopile  was 
imployed,  the  greater  portion  of  the  heat  effect  was  cut  off. 

Later,  Professor  W.  G.  Adams,!  of  King's  College,  took  up  the 

*  Phil.  Mag,  (4th  ser.),  March,  1874,  vol.  xlvii.,  p.  161.   See  also  Amer,  Joivr.  of 
Science  and  Arts  (3rd  ser.)»  vol.  yii.,  p.  512. 

f  Proe,  Boy  /Sfoe.,  June  17th,  1876,  vol.  xxiii.,  p.  535.  See  also  Proe,  Boy,  8oc., 
tJov.  lOth,  1875,  vol.  xxiv.,  p.  168  5  Natwre,  Jan.  20th,  1876,  vol.  xiii.,  p.  238; 
Vfaiwre,  March  23rd,  1876,  vol.  xiii.,  p.  419 ;  Seient  Amer.  Stvpplement,  June  3rd, 
1876,  vol.  L,  p.  354. 
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question,  and  his  experiments  seemed  to  prove  conclusively  that 
the  action  was  due  principally,  if  not  entirely,  to  those  rays  of  the 
spectrum  which  were  visible. 

This  conclusion  was  supported  by  the  marked  effect  produced 
by  the  light  of  the  moon,  and  by  the  apparent  insensitiveness  of 
selenium  to  rays  passed  through  a  solution  of  iodine  in  bisulphide 
of  carbon.  He  found  that  the  maximum  effect  was  produced  by 
the  greenish  yellow  rays,  and  that  the  vntenaity  of  the  action 
depended  upon  the  illuminating  power  of  the  lights  bein^  directly 
as  the  square  root  of  that  illuminating  power. 

Professor  Adams  and  Mr.  B.  E.  Day*  continued  these  researches, 
and,  among  other  interesting  and  suggestive  results,  discovered  that 
light  produces  in  selenium  an  electro-motive  force  without  the  aid 
of  a  battery. 

The  most  sensitive  variety  of  selenium  that  has  yet  been 
produced  was  obtained  in  Germany  by  Dr.  Werner  Siemens,  by 
continued  heating  for  some  hours  at  a  temperature  of  210^  C, 
followed  by  extremely  slow  cooling. 

Dr.  W.  C.  Siemens,t  in  a  lecture  delivered  before  the  Royal 
Institution  of  Great  Britain,  on  the  18th  of  February,  1876,  stated 
that  his  brother's  modification  of  selenium  was  so  sensitive  to  light 
that  its  conductivity  was  fifteen  times  as  great  in  sunlight  as  it 
was  in  the  dark. 

In  Werner  Siemens'  ^  experiments,  special  arrangements  were 
made  for  reducing  the  resistance  of  the  selenium. 

For  this  purpose  two  fine  platinum  wires  were  coiled  into  a 
double  flat  spiral,  and  were  laid  upon  a  plate  of  mica,  so  that  they 
did  not  come  into  contact  with  one  another.  A  drop  of  melted 
selenium  was  then  placed  upon  the  platinum  wire  arrangenaenti 


•  Proc,  Boy.  8oc.,  May  18th,  1876,  voL  xxv.,  p.  118. 

fProc.  B(yy,  Inst.  Qt.  Britmn,  Feb.  18  th,  1876,  vol.  viii.,  p.  68.  See  also  Nature, 
Tol.  xiii.,  p.  407;  ScietU.  Amer.  Sv^lement,  April  1st,  1876,  voL  i.,  p.  222  j  Seieni, 
Amer.  Sv^pplement,  June  10th,  1876,  vol.  i,  p.  375. 

X  Monaishericht  der  Kdn.  Preuss.  Akad.  der  WissentchafUn  zu  Berlin  for  1875, 
p.  280;  PTviZ.  3fay.,  Nov.  1876  (4th  ser.),  vol.  1.,  p.  416;  Nature^  Dec.  6th,  1876, 
vol.  xiii.,  p.  112 ;  Monatsber.  Berl.  Akad.,  Feb.  17th,  1876;  Pogg.  jinn.,  CL.  ix., 
p.  117 ;  J^onatsher.  Berl,  Akad.,  June  7th,  1877 ;  Pogg.  Ann.,  1877>  ii.,  p.  621. 
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and  a  second  sheet  of  mica  was  pressed  upon  the  selenium,  so  asto 
cause  it  to  spread  out  and  fill  the  spaces  between  the  wires. 

Each  cell  was  about  the  size  of  a  silver  dime.^  The  cells  were 
then  placed  in  a  parafiin  bath  and  annealed..  Siemens  devised 
other  arrangements  for  reducing  the  resistance.  In  the  form 
known  as  "Siemens'  grating,"  the  two  wires,  instead  of  being 
coiled  together,  were  arranged  in  a  zig-zag  shape,  forming  a  sort  of 
platinum  gridiron.  This  was  treated  in  the  same  way  as  the  spiral 
•arrangement. 

Another  form  of  cell  consisted  of  a  sort  of  lattice-work  or 
basket-work  of  platinum  wires  arranged  upon  a  perforated  mica 
plate,  the  wires  interlaced  with  one  another  and  with  the  mica 
plate,  so  as  to  make  metallic  contact  only  with  alternate  wires. 

He  also  found  that  iron  and  copper  might  be  employed  instead 
of  platinum. 

Without  dwelling  further  upon  the  researches  of  others,  I  may 
say  that  all  observations  concerning  the  effect  of  light  upon  the 
conductivity  of  selenium  had  been  made  by  means  of  the  galvano- 
meter ;  but  it  occurred  to  me  that  the  telephone,  from  its  extreme 
sensitiveness  to  electrical  influences,  might  be  substituted  with 
advantage. 

Upon  consideration  of  the  subject,  however,  I  saw  that  the 
experiment  could  not  be  conducted  in  the  ordinary  way,  for  the 
following  reason : — ^The  law  of  audibility  of  the  telephone  is  pre. 
cisely  analogous  to  the  law  of  electric  induction.  No  effect  is 
produced  during  the  passage  of  a  continuous  and  steady  current : 
it  is  only  at  the  moment  of  change  from  a  stronger  to  a  weaker 
state,  or  vice  versa^  that  any  sensible  effect  is  produced,  and  the 
amount  of  effect  is  exactly  proportional  to  the  amount  of  variaMon 
in  the  current. 

It  was  therefore  evident  that  the  telephone  coidd  only  respond 
to  the  effect  produced  in  selenium  at  the  moment  of  change  from 
light  towards  darkness,  or  vice  versa,  and  that  it  would  be  advisable 
to  intermit  the  light  with  great  rapidity,  so  as  to  produce  a  sue. 
cession  of  changes  in  the  conductivity  of  the  selenium,  correspond- 

*  The  di-m  is  a  smaU  silver  coin  about  the  size  of  a  fourpeimy  bit.    Its  value  is 

10  cents. 
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ing  in  frequency  to  musical  vibrations  witiiin  the  limita  of  the 
sense  of  hearing ;  for  I  had  often  noticed  that  currents  of  elec- 
tricity, so  feeble  as  liardly  to  produce  any  audible  elfectB  from  a 
telephone  when  the  circuit  was  simply  opened  or  closed,  caused 
very  perceptible  musical  sounds  when  the  circuit  was  rapidly  iu- 
terrupted,  and  that  the  higher  the  pitcb  of  the  sound  the  more 
audible  waa  the  effect.  I  was  much  struck  by  the  idea  of  producing 
sound  in  this  way  by  the  action  of  light.  I  proposed  to  pass  a  bright 
light  through  one  of  the  orifices  in  a  perforated  screen,  consisting 
of  a  circular  disc  or  wheel,  with  holes  near  the  circumference, 

Upon  rapidly  rotating  the  disc.-,  an  intermittent  beam  of  light 
would  fall  upon  the  selenium,  and  a  musical  tone  should  be 
produced  from  the  telephone,  the  pitch  of  which  would  depend 
upon  the  rapidity  of  the  rotation  of  the  disc. 

Upon  further  consideration,  it  appeared  to  me  that  all  the 
audible  effects  obtained  from  variations  of  electricity  could  also 
be  produced  by  corresponding  variations  of  light  acting  upon 
selenium.  I  saw  that  the  effect  could  not  only  be  produced  at  the 
extreme  distance  at  which  selenium  would  normally  respond  to  the 
action  of  a  luminous  body,  but  that  this  distance  could  be 
indefinitely  increased  by  the  use  of  a  parallel  beam  of  light,  sn 
that  we  might  telephone  from  one  place  to  another,  without  the 
necessity  of  a  conducting  wire  between  the  transmitter  and  the 
receiver. 

It  was  evidently  necessary,  in  order  to  reduce  this  ides  to 
practice,  to  devise  an  apparatus  to  be  operated  by  the  voice  of  a 
speaker,  by  which  variations  could  be  produced  in  a  parallel  beam 
of  light,  corresponding  to  the  variations  in  the  air  produced  by  the 
voice. 

I  proposed  to  pass  light  through  a  perforated  plate  contaioisg 
an  immense  number  of  small  orifices.  Two  similarly  perforated 
plates  were  to  be  employed :  one  was  to  be  fixed,  and  the  other 
attached  to  the  centre  of  a  diaphragm  actuated  by  the  voice,  ao 
that  the  vibration  of  the  diaphragm  would  cause  the  movable  plate 
to  slide  to  and  fro  over  the  surface  of  the  fixed  plate,  thus  alter- 
natflly  enlarging  and  contracting  the  free  orifices  for  the  passage  of 
light.      In  this  way  the  voice  of  a  speaker  would   control  the 
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amount  of  light  passed  through  tho  perforated  plates,  without 
completely  obstructing  its  passage.  This  apparatus  waa  to  be 
placed  in  the  path  of  a  parallel  beam  of  light,  and  the  undu- 
latory  beam  emerging  from  the  apparatus  could  be  received  at 
some  distant  place  upon  a  leus  or  other  apparatus,  by  means  of 
which  it  could  be  condensed  upon  a  sensitive  piece  of  selenium 
placed  in  a  local  circuit  with  a  telephone  and  galvanic  battery. 

The  variations  in  the  light  produced  by  the  voice  of  the  speaker 
should  cause  corresponding  variations  in  the  electrical  resistance 
of  the  selenium  at  the  distant  place,  and  the  telephone  in  circuit 
with  the  selenium  should  reproduce  audibly  the  articulation  of  th 
speaker.  I  obtained  some  selenium  for  the  purpose  of  making  the 
experiment  described,  but  found  that  its  resistance  was  almost 
infinitely  greater  than  that  of  any  telephone  that  had  been 
constructed ;  and  I  was  unable  at  that  time  to  obtain  audible 
effects  in  the  way  desired.  I  believed,  however,  that  the  obstacle 
could  be  overcome  by  devising  mechanical  arrangements  for 
reducing  the  resistance  of  the  selenium,  and  by  constructing  special 
telephones  for  the  purpose. 

I  felt  so  much  confidence  in  this,  that,  in  a  lecture  delivered 
before  the  Koyal  Institution  of  Great  Britain,  upon  the  17th  of 
May,  1878,  I  announced  the  possibility  of  hearing  a  shadow,  by 
interrupting  the  action  of  light  upon  selenium.  A  few  days  after. 
wards  my  ideas  upon  this  subject  received  a  fresh  impetus  by  the 
announcement  made  by  Mr.  Willoughby  Smith*  before  the  Society 
of  Telegraph  Engineers,  that  he  had  heard  the  action  of  a  ray  of 
light  falling  upon  a  bar  of  crystalline  selenium,  by  listening  to  a 
telephone  in  circuit  with  it.  It  is  not  unlikely  that  the  publicity 
given  to  the  speaking  telephone  during  the  laat  few  years  may 
have  suggested  to  many  minds,  in  different  parts  of  the  world, 
somewhat  similar  ideas  to  my  own  :  indeed,  it  has  recenily  come 
to  my  knowledge  that  a  writer  (J.  F.  W.,  of  Kew),t  on  the  13th  of 
June,  1878,  asked  the  readers  of  N'ature  whether  any  experiments 
had  been  made  with  the  telephone  in  circuit  with  a  selenium 
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galvanic  element,  arranged  as  in  Sabine's  selenium  battery,* 
auggested  that  it  was  not  unlikely  that  sounds  would  be  produce 
in  the  telephone  by  the  action  of  light  of  variable  intensity  upt 
the  selenium  element  in  circuit  with  it. 

In  September  or  October,  1S78,  Mr.  A.  C.  Brown,  of  Londoi 
submitted  to  me,  conSdentially,  the  details  of  a  most  ingeni 
invention  of  hb,  of  which  we  may  yet  hear  more. 

This  invention,   although    entirely   different    from   my   ow%B 
involved  the  use  of  selenium  in  circuit  with  a  battery  and  tele- 
phone, and  the  production  of  articulate  speech  by  the  actbn  of  a 
variable  light 

I  am  also  aware  that  Mr.  W.  D.  Sargent,  of  Philadelphia,  has  . 
had  some  ideas  of  a  similar  nature,  the  details  of  which  I  do  ne*' 
know. 

I  imderatood  from  Mr.  Sargent  that  he  proposed  submittia^ 
selenium  to  the  influence  of  an  oscillating  beam  of  light,  whiA' 
should  be  sent  off  and  on  the  selenium  by  the  action  of  the  voioa.- 
If  this  is  so,  the  effect  produced  would  be  only  of  an  intermittOTJi 
character,  and  a  musical  tone,  not  speech,  would  be  heard  frtaa- 
the  telephone  in  circuit  with  the  selenium. 

Although  the  idea  of  producing  and  reproducing  sound  by  the 
action  of  light  (as  described  above)  was  an  entirely  original  and 
independent  conception  of  my  own,  I  recc^nise  the  fact  that  the 
knowledge  necessary  for  its  conception  has  been  disseminated 
throughout  the  civilised  world,  aud  that  the  idea  may  therefore 
have  occurred  independently  to  many  other  minds. 

I  have  stated  above  the  few  facts  that  have  come  under  my 
own  observation  bearing  upon  the  subject. 

The  fii.Tidamental  idea  on  which  resta  the  poasibiliiy  oj 
producing  speech  hy  the  action  of  light,  is  the  conception  oj 
what,  may  he  termed  an  "  undulatory "  beam  of  light,  in 
contradiatinction  to  a  merely  intermittent  one. 

By  an  undulatory  beam  of  light,  I  mean  a  beam  tbat  shiiieg 
continuously  upon  the  sensitive  receiver,  but  the  intensity  of  which 
upon  that  receiver  is  subject  to  rapid  changes  corresponding  to  the 
changes  in  the  vibratory  movement  of  a  particle  of  air  during  the 
tranamission  of  a  sound  of  definite  quality  through  the  atmosphn& 
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The  curve  that  would  graphically  represent  the  changes  of  light 
would  be  similar  in  shape,  as  well  as  in  other  respects,  to  that 
representing  the  movement  o£  the  air.  I  do  not  know  whether 
this  conception  had  been  clearly  recognised  by  J.  F.  W.,  of  Kew, 
or  by  Mr.  Sargent,  of  Philadelphia  ;  hut  to  Mr.  A.  C.  Brown,  of 
London,  is  undoubtedly  due  the  honour  of  having  distinctly  and 
independently  formulated  the  conception,  and  having  devised  ap- 
paratus, though  of  a  crude  nature,  for  carrying  it  into  execution. 

It  is  greatly  due  to  the  genius  and  perseverance  of  my  friend 
Mr.  Sumner  Tainter,  of  Watertown,  Mass.,  that  the  problem  of 
producing  and  reproducing  sound  by  the  agency  of  light  has  at 
last  been  successfully  solved. 

For  many  months  we  have  been  devoting  ourselves  to  the 
solution  of  this  problem,  and  I  have  great  pleasure  in  presenting 
to  you  to-night  the  results  of  our  labours. 

Eesearches  of  Sumner  Tamter  and  A,  Graham  Bell. 

The  first  point  to  which  we  devoted  our  attention  was  the 
reduction  of  the  resistance  of  crystalline  selenium  within  manage- 
able limits. 

The  resistance  of  selenium  cells  employed  by  former  experi- 
menters was  measured  in  millions  of  chms;  and  we  do  not  know 
of  any  record  of  a  selenium  cell  measuring  less  than  250,000 
ohms  in  the  dark, 

We  have  succeeded  in  producing  eeiwitive  selenium  cells 
measuring  only  300  ohms  in  the  dark,  and  150  ohms  in  the  light. 

All  former  experimenters  seemed  to  have  used  platinum  for  the 
conducting  part  of  their  selenium  cells,  excepting  Werner  Siemens, 
who  fotmd  that  iron  and  copper  might  be  employed.  We  have 
discovered  that  brass,  although  chemically  acted  upon  by  selenium, 
forms  an  excellent  and  convenient  material.  Indeed,  we  are 
inclined  to  believe  that  the  chemical  action  between  the  brass 
and  selenium  has  contributed  to  the  low  resistance  of  our  cells,  by 
forming  an  intimate  bond  of  union  between  the  selenium  and  brafls. 

Melted  selenium  behaves  to  other  substances  as  water  does  to 
a  greasy  surface ;  and  we  are  inclined  to  think  that,  when  selenium 
is  used  in  connection  with  metals  not  chemically  acted  upon  by  it, 
the  points  of  contact  between  the  selenium  and  the  metal  off«>T 
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a  considerable  amount  of  resistance  to  the  passage  of  a  galvanic 
current,  and  thus  serve  to  increase  the  apparent  resistance  of  the 
selenium. 

By  using  brass,  we  have  been  enabled  to  construct  an  immense 
number  of  selenium  cells  of  different  forms.  Time  will  only 
admit  of  my  showing  you  two  typical  forma,  one  for  use  with  a.  , 
lens,  and  the  other  with  a  concave  reflector.  This  cell  consists 
of  two  brass  plates  insulated  from  one  another  by  a  sheet  of  mica. 
The  upper  plate  has  numerous  perforations  and  brass  pins  attached 
to  the  lower  plate,  pass  through  these  orifices,  so  that  their  ends, 
without  touching  the  upper  plate,  are  flush  with  its  surface. 

The  annular  spaces  between  the  pins  and  the  plate  are  filled 
with  selenium.  The  above  arrangement  forms  part  of  a  galvanic 
circuit,  and  it  will  be  observeil  that  the  current  can  only  pass  from 
the  plate  to  the  pin  through  the  selenium. 

It  will  also  be  seen  that,  owing  to  the  conical  shape  of  the 
perforations,  the  poinis  of  closest  approsimation  between  the 
pins  and  the  plate  are  on  the  upper  surface.  As  the  eflect 
produced  by  light  upon  selenium  is  chiefly  a  surface  action,  this 
arrangement  ia  found  to  be  of  great  advantage.  The  second 
typical  cell,  instead  of  having  a  plane  surface  upon  which  light  can 
be  condensed  by  means  of  a  lens,  is  cylindrical  in  form,  so  that  it 
can  be  placed  in  the  focus  of  a  parabolic  reflector.  This  cell  is 
composed  of  a  large  number  of  brass  discs,  separated  by  discs  of 
mica  slightly  smaller  in  diameter. 

The  spaces  between  the  brass  discs  over  the  mica  are  filled  with 
selenium,  and  the  alternate  brass  discs  are  metallically  connected. 

The  arrangement  practically  consists  of  a  large  number  of 
annular  selenium  cells  united  in  multiple  arc. 

The  mode  of  applying  the  selenium  is  as  follows : — The  cell  is 
heated,  and,  when  hot  enougb  to  melt  selenium,  a  stick  of  tLat 
substance  is  rubbed  over  the  surface.  In  order  to  acquire  conduc- 
tivity and  sensitiveness,  the  selenium  must  next  undergo  a  process 
of  annealing. 

The  method  we  first  adopted  was  the  following : — 

The  selenium  cell  was  placed  with  a  thermometer  in  the  IntenM 
of  the  cylindrical  annealing  chamber  shown  in  Fig.  1* 


This 
upon 


1  inserted  in  a  pot  of  Unseed  oil,  and  the  latter  stood 
IS  supports  within  another  similar  pot  containing  linseed 
oil.  The  whole  arrangement  was  placed  over  a  gas  stove  and 
heated  to  a  temperature  of  about  214°  C,  which  was  found  toba 
the  temperature  of  maximum  conductivity  for  the  selenium  used. 
This  temperature  was  retained  for ,  24  houra,  and  the  pots  with 
their  contents  were  then  packed  up  in  a  bos  arranged  to  retard 
radiation  of  beat,  so  that  the  selenium  took  from  40  ix)  60  hours  to 
cool  down  to  the  temperature  of  the  air. 

A  powerful  battery  current  was  passed  through  the  selenium 
during  the  whole  process  of  heating  and  cooling,  in  accordance 
with  our  theory  that  the  current  exerted  a  powerful  influence  in 
causing  a  set  of  the  selenium  molecules,  and  in  retaining  them  in 
position  until  fixed  by  crystallisation,  A  shunted  galvanometer 
was  introduced  into  the  circuit  for  the  purpose  of  observing  the 
changes  of  conductivity. 

We  subsequently  found  this  tedious  process  to  be  unnecessary, 
as  during  the  course  of  our  esperiaieuts  we  discovered  a  method  of 
preparing  sensitive  selenium  in  a  very  few  minutes. 

We  now  simply  heat  the  selenium  over  a  gas  stove  and  observe 
its  appearance.  When  the  selenium  attains  a  certain  temperaturej 
the  beautiful  reflecting  surface  becomes  ditomed.  A  cloudiness 
extends  over  it,  somewhat  like  the  film  of  moisture  produced  by 
breathing  upon  a  mirror. 

This  appearance  gradually  increases,  and  the  whole  surface  is 
soon  seen  to  be  in  the  metallic,  granular,  or  crystalline  condition. 


418  trpON  TEE  PRODUCTION  AND  EEPEODITCTION  OF 

The  cell  may  then  be  taken  off  the  stove  and  cooled  in  any 
suitable  way.  "When  the  heating  process  is  carried  too  fer,  tie 
crystalline  selenium  is  seen  to  melt. 

Our  best  results  have  been  obtained  by  beating  the  selenium 
■until  it  crystallises  as  stated  above,  and  by  continuing  the  heating 
until  signs  of  melting  appear,  when  the  gas  is  immediately  put  out 

The  portions  that  had  melted  instantly  recrjstallise,  and  the 
selenium  is  found  upon  cooling  to  be  a  conductor,  and  to  be  sena- 
tive  to  light.     The  whole  operation  occupies  only  a  few  minutes. 

This  method  has  not  only  the  advantage  of  being  expeditious, 
but  it  proves  that  many  of  the  accepted  tlieoriea  on  this  subject 
are  fallacious. 

Early  experimenters  considered  that  the  selenium  must  be 
cooled  from  a  fused  condition  with  extreme  slowness.  Later 
authors  agree  in  believing  that  the  retention  of  a  high  temperature 
short  of  the  fusing  point,  and  slow  cooling,  are  essential,  and  the 
belief  is  also  prevalent  that  crystallisation  takes  place  only  during 
the  cooling  process. 

Our  new  method  shows  that  fusion  is  unnecessary,  that  conduc- 
tivity and  sensitiveness  can  be  produced  without  long  heatmg  and 
slow  cooling,  and  that  crystallisation  takes  place  during  the  heating 
process. 

We  have  found,  on  removing  the  source  of  heat  immediately 
upon  the  appearance  of  the  cloudiness  above  referred  to,  that 
distinct  and  separate  crystals  can  be  observed  under  the  microscope, 
which  appear  like  leaden  snow-flakes  on  a  ground  of  ruby  red. 

Upon  removing  the  heat  when  crystallisation  is  further 
advanced,  we  perceive  under  the  microscope  masses  of  these 
crystals  arranged  like  basaltic  columns,  standing  detached  from 
one  another,  and  at  a  still  higher  temperature  the  distinct  columns 
are  no  longer  traceable,  and  the  whole  mass  resembles  metallic 
pudding-stone,  with  here  and  there  a  separate  crystal  like  a  fossil 
on  the  surface. 

Selenium  crystals  formed  during  slow  cooling  after  fusion 
present  an  entirely  different  appearance,  showing  distinct  facets. 

I  must  now  endeavour  to  explain  the  means  by  which  a  beam 
of  light  can  be  controlled  by  the  voice. 
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Pliotophonic  Transmitters. 

We  have  devised  upwards  of  fifty  forms  of  apparatus  for  vary, 
ing  a  beam  of  light  in  the  manner  required,  but  only  a  few  typical 
varieties  need  be  described. 

The  source  of  light  may  be  controlled,  or  a  steady  beam  may 
be  modified  at  some  point  in  its  path. 

In  illustration  of  the  first  method,  we  have  devised  several 
forms  of  apparatus,  founded  upon  Koenig's  manometric  capsule, 
operating  to  cause  variations  in  the  pressure  of  gas  supplied  to  a 
burner,  so  that  the  light  can  be  vibrated  by  the  voice. 

In  illustration  of  the  second  method,  I  have  already  described 
one  form  of  apparatus  by  which  the  light  is  obstructed  in  a  greater 
or  less  degree  in  its  passage  through  perforated  plates. 

But  a  beam  may  be  controlled  in  many  other  ways.  For 
instance,  it  may  be  polarised,  and  then  affected  by  electrical  or 
magnetical  influences  in  the  manner  discovered  by  Faraday  and 
Dr.  Kerr. 

Let  a  polarised  beam  of  light  be  passed  through  a  solution  of 
bisulphide  of  carbon  contained  in  a  glass  vessel,  inside  a  helix  of 
insulated  wire,  through  which  helix  is  passed  an  undulatory  current 
of  electricity  from  a  microphone  or  telephonic  transmitter  operated 
by  the  voice  of  a  speaker.  The  passage  of  the  polarised  beam 
should  be  normally  partially  obstructed  by  a  Nicol  prism,  and  the 
varying  rotation  of  the  plane  of  polarisation  would  cause  more  or 
less  of  the  light  to  pass  through  the  prism,  thus  causing  an  undu- 
latory beam  of  light  capable  of  producing  speech.  The  beam  of 
polarised  light,  instead  of  being  passed  through  a  liquid,  could  be 
reflected  from  the  polished  pole  of  an  electro-magnet  in  circuit 
with  a  telephonic  transmitter. 

Another  method  of  affecting  a  beam  of  light  is  to  pass  it 
through  a  lens  of  variable  focus,*  formed  of  two  sheets  of  thin 
glass,  containing  between  them  a  transparent  liquid  or  gas.  The 
vibrations  of  the  voice  are  communicated  to  the  gas  or  liquid,  thus 
causing  a  vibratory  change  in  the  convexity  of  the  glass  surfaces, 

*  I  oteerye  that  a  lens  of  similar  coiuitractLOQ  has  been  invented  in  France 
by  Dr.  Cusco,  and  is  described  in  a  recent  paper  in  La  Natwre.  See  Sdentifie 
American  for  August  28, 1880,  vol.  xlii.,  p.  131.  Mr.  Tainter  and  I  have  used 
such  a  lens  in  our  experiments  for  months  past. 
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and  a  correspondiDg  change  in  the  iiiteiiaity  of  the  light  receiTed 
upon  the  sensitive  selenium.  The  eimpleat  form,  of  apparatus  fcrr 
producing  tke  effect  coTisists  of  a  plwne  mirror  of  flexible  material, 
Bitch  ffls  silvered  mica  or  microscope  gloss,  against  the  back  of 
which  the  speaker's  voice  is  directed,  as  shown  in  the  diagram, 
Fig.  2.  The  light  from  such  a  mirror  is  thrown  into  vibrations 
corresponding  to  those  of  the  diaphragm  itself.  In  its  normal 
condition,  a  parallel  beam  of  light  falling  upon  the  diaphragm 
mirror  would  be  reflected  parallel.  Under  the  action  of  the  Toice 
the  mirror  becomes  alternately  convex  and  concave,  and  thus 
alternately  scatters  and  condenses  the  light.  When  crystalline 
selenium  is  exposed  to  the  undulatory  beam  reflected  from  eueh 
an  apparatus,  the  telephone  connected  vzith  the  selenium  audibly 
reproduces  the  articulation  of  the  person  speaking  to  the 
mirror. 

Fig.  2. 


Ar7ungem&7it  of  Appa/ratus. 

In  arranging  the  apparatus  for  the  purpose  of  reproducing 
sound  at  a  distance,  any  powerful  source  of  light  may  be  lued, 
but  we  have  experimented  chiefly  with  sunlight. 

For  this  purpose  a  large  beam  is  concentrated  by  means  of 
a  lens  upon  the  diaphragm  mirror,  and  after  reflection  is  again 
rendered  parallel  hy  means  of  another  lens.  The  beam  ia  received 
at  a  distant  station  upon  a  parabolic  reflector,  in  the  focus  of 
which  is  placed  a  sensitive  selenium  cell,  connected  in  a  local 
circuit  with  a  battery  and  telephone.  The  full  arrangement  Is 
shown  in  Fig.  3.  We  have  found  it  advisable  to  protect  the  minor 
by  placing  it  out  of  the  focal  point,  and  by  passing  the  beam 
through  an  alum  cell. 

A.  large  number  of  trials  of  this  apparatus  have  been  made 


with  the  transmitting  and  receiving  instruments  so  lar  apart  that 
sounds  could  not  be  heard  directly  through  the  air.  In  illuatratiou, 
I  shall  describe  one  of  the  most  recent  of  these  experiments. 

Mr,  Tainter  operated  the  transmitting  instrument,  which  was 
placed  on  the  top  of  the  Franklin  Schoolhouse  in  Washington, 
and  the  sensitive  receiver  was  arranged  in  one  of  the  windows  of 
my  laboratory,  1325,  L  Street,  at  a  distance  of  213  metres. 

Upon  placing  the  telephone  to  my  ear,  I  heard  distinctly  from 
the  illnminated  receiver  the  words,  "  Mr.  Bell,  if  you  hear  what 
I  say,  come  to  the  window  and  wave  your  hat."  In  laboratory 
experiments,  the  transmitting  and  receiving  instruments  are 
necessarily  within  earshot  of  one  another,  and  we  have  therefore 
been  accustomed  to  prolong  the  electric  circuit  connected  with 
the  selenium  receiver,  so  as  to  place  the   telephones  in  another 


By  such  experiments  we  have  found  that  articulate  speech  can 
be  reproduced  by  the  oxyhydrogen  light,  and  even  by  the  light  of 


The  loudest  effects  obtained  from  light  are  produced  by 
rapidly  interrupting  the  beam,  and  the  most  suitable  apparatus 
for  doing  this  seems  to  be  a  perforated  disc  which  can  be  rapidly 
rotated.  The  great  advantage  of  this  form  of  apparatus  for 
experimental  work  is  the  noiselessness  of  its  operation,  admitting 
of  the  close  approach  of  the  receiver,  without  interfering  with 
the  audibility  of  the  effect  heard  from  the  latter ;  for  it  will  be 
understood  that  musical  tones  are  emitted  from  the  receiver  when 
no  aoond  has  been  made  at  the  transmitter. 
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A  silent  motion  thas  produces  a  sound.     In  tliis  way  mUBica! 
tones  Lave  been  heard  even  from  the  light  of  a  candle. 

"When  distant  effects  are  sought,  the  apparatus  is  arranged  as 

shown  in  Fig.  i. 

Pig.  4. 


cb!^ 


By  placing  an  opaque  screen  near  the  rotating  disc  the  beam 
can  be  entirely  cut  off  by  a  slight  motion  of  the  hand,  and  musical 
signals,  like  the  dots  and  dashes  of  the  Morse  telegraph  code,  can 
thus  be  produced  at  the  distant  receiving  station.  Such  a  screen, 
operated  by  a  key  like  a  Morse  telegraph  key,  is  shown  in  Fig. 
5,  and  has  been  operated  very  successfully. 
Fig.  5. 


Eoipervmenta  to  ascertain  ike  Nai/wre  of  the  Bays  thai  ccfftd 

Selemwm. 

We  have  made  experiments  with  the  object  of  ascertaining  the 
nature  of  the  rays  that  affect  selenium. 

For  this  purpose  we  have  placed  in  the  path  of  an  intermittent 
beam  various  absorbing  substances.  Professor  Cross  has  been  kind 
enough  to  give  us  his  assistance  in  conducting  these  experiments. 

When  a  solution  of  alum  or  bisulphide  of  carbon  ia  employed, 
the  loudness  of  the  sound  produced  by  the  intermittent  beam  i> 
very  slightly  diminished ;  but  a  solution  of  iodine  in  bisulp^iJe 
of  carbon  cuts  off  most  but  not  all  of  the  audible  effect.     Even  an 


BOUND  BY  LIGHT.  '         42S 

apparently  opaque  sheet  of  hard  rubber  does  not  entirely  do  this. 
This  observation,  which  was  first  made  in  Washington  by 
Mr.  Tainter  and  myself^  is  so  curious  and  suggestive,  that  I  give 
in  fall  the  arrangement  for  studying  the  e£fect. 


I 


When  a  sheet  of  hard  rubber  (A)  was  held  between  the 
perforated  disc  and  the  source  of  light,  as  shown  in  the  diagram 
(Fig.  6),  the  rotation  of  the  disc  or  wheel  (B)  interrupted  what 
was  then  an  invisible  beam,  which  passed  over  a  space  of  several 
metres  before  it  reached  the  lens  (0)  which  finally  concentrated 
it  upon  the  seleniimi  cell  (D).  A  faint  but  perfectly  perceptible 
musical  tone  was  heard  from  the  telephone  connected  with  the 
selenium,  which  could  be  interrupted  at  will  by  placing  the  hand 
in  the  path  of  the  invisible  beam. 

It  would  be  premature,  without  further  experiments,  to 
speculate  too  much  concerning  the  nature  of  these  invisible  rays ; 
but  it  is  difficult  to  believe  that  they  can  be  heat  rays,  as  the 
effect  is  produced  through  two  sheets  of  hard  rubber,  having 
between  them  a  glass  vessel  containing  a  saturated  solution  of 
alum.  Although  effects  are  produced  as  above  shown  by  forms  of 
radiant  energy  which  are  invisible,  we  have  named  the  apparatus 
for  the  production  and  reproduction  of  sound  in  this  way,  *^The 
Photophonef**  because  an  ordinary  beam  of  light  contains  the  rays 
which  are  operative. 

NoU'Electric  Photophonic  Receivers. 
It  is  a  well-known  fact  that  the  molecular  disturbance 
produced  in  a  mass  of  iron  by  the  magnetising  influence  of  an 
intermittent  electrical  current  can  be  observed  as  sound  by 
placing  the  ear  in  close  contact  with  the  iron;  and  it  occurred 
to  u&  that  the  molecular  disturbance  produced  in  crystalline 
selenium  by  the  action  of  an  intermittent  beam  of  light  should  be 
audible  in  a  similar  manner,  without  the  aid  of  a  telephone  or 
battery. 
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Many  experiments  were  made  to  verify  this  theory,  but  at  fiist 
without  definite  results. 

The  anomalous  behaviour  of  the  hard  rubber  screen,  alluded  to 
above,  suggested  the  thought  of  listening  to  it  also. 

This  espetiment  was  tried  with  estraordinaiy  success.  I  held 
the  sheet  in  close  contact  with  my  ear,  while  a  beam  of  inter- 
mittent light  was  focussed  upon  it  by  means  of  a  lens.  A  distinct 
musical  note  was  immediately  beard.  We  found  the  effect 
intensified  by  arranging  the  sheet  of  hard  rubber  as  a  diaphragm, 
and  listening  through  a  hearing  tube,  as  shown  in  Fig.  7. 
Fig.  7. 


We  then  tried  crystalline  selenium  in  tbe  form  of  a  thin  diec, 
and    obtained    a    similar    but    less  intense   effect.       The  other 
substances  which  I  enumerated  at  the  commencement  of  my  address     ' 
were  now  successively  tried  in  the  form  of  thin  discs,  and  sounds 
were  obtained  from  all  but  carbon  and  thin  glass.* 

In  our  experiments,  one  interesting  and  suggestive  feature  waa 
the  different  intensities  of  the   sounds   produced   from   differeot   ]•. 
substances  under  similar  conditions. 

We  found  hard  rubber  to  produce  a  louder  sound  than  anj 
other  substance  we  tried,  excepting  antimony  and  zinc,  and  pi^ 
and  mica  to  produce  the  weakest  sounds. 

On  the  whole,  we  feel  warranted  in  announcing,  as  our  conclii- 
sion,  that  sounds  can  be  produced  by  the  action  of  a  variahle  U^t 
from  avhatcmcea  of  all  kinds,  when  in  the  form  of  Qiin  dja- 


The  reason  why  thin  diaphragms  of  the  various  materials  art 

ore  effective  than  masses  of  the  same  substances  appears  to  l"' 

that  the  molecular  disturbance  produced  by  light  is  chiefly  a  surface 

*  We  have  linos  obtained  perfectly  diatmct  tones  from  carbon  and  thin  glu). 
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action,  and  tba,t  the  Tibration  has  to  be  transmitted  through  the 
mass  of  the  substaace  in  order  to  reach  the  ear.  On  tbia  account 
we  have  endeavoured  to  lead  to  the  ear,  air  that  is  directly  in  con- 
tact with  the  illuminated  surface,  by  throwing  the  beam  of  light 
upon  the  interior  of  a  tube,  and  very  promising  results  have  already 
been  obtained. 

Fig.  8. 


Fig.  8  shows  the  arrangement  we  have  tried.  We  have 
heard  from  interrupted  sunlight  very  perceptible  musical  tones 
through  tubes  of  ordinary  vulcaniseii  rubber,  of  brass,  and  of  wood. 
These  were  all  the  materials  at  hand  in  tubular  form,  and  we  have 
had  no  opportunity  since  of  extending  the  observations  to  other 
aubfltances.*  I  am  extremely  glad  that  I  have  the  opportunity  of 
making  the  first  publication  of  these  researches  before  a  scientific 
society,  for  it  is  from  scientific  men.  that  my  work  of  the  last  six 
years  has  received  its  earliest  and  kindest  recognition. 

I  gratefully  remember  the  encouragement  which  I  received 
irom  the  late  Professor  Henry,  at  a  time  when  the  speaking  tele- 
phone existed  only  in  theory.  Indeed,  it  is  greatly  due  to  the 
stimulus  of  bis  appreciation  that  the  telephone  became  an  accom- 
plished fact.  I  cannot  state  too  highly,  also,  the  advantage  I 
received  in  preliminary  experiments  on  sound  vibrations,  in  this 
building,  from  Professor  Cross,  and  near  here  from  my  Talued 
fiiend  Dr.  Clarence  J.  Blake. 

•  We  have  ainoe  tried  tutes  ot  hard  rubber  very  ancceasfuEy,  and  havK  even 
prodDced  the  aeneation  of  lound  by  throwing  light  into  the  ear  itself.  This  last 
experiment  waa  tried  a  number  of  times  unsuccess folly  by  myself  and  friends, 
until  the  proper  position  of  the  ear  was  discovered.  I  have  heard  a  faint  bnt 
perfectly  distinct  muBioal  tone  from  an  intermittent  beam  of  sunlight  focusaed 
into  my  ear.  The  beam  was  filtered  throa  gb  a  solution  of  alom,  but  a  consider- 
able amount  of  heat  was  of  conrse  perceptible,  and  the  experiment  was  only 
continued  for  a  aafficiently  long  period  of  time  for  me  to  satisfy  myself  of  the 
realit;  of  the  phenomenon. 
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When  the  public  were  incredulous  of  the  possibiUty  of  electrical 
speech,  the  American  Academy  of  Arts  and  Sciences,  the  Phflo. 
sopbical  Society  of  Washington,  and  the  Esses  Institute  of  Salem 
recognised  the  reality  of  the  results,  and  honoured  me  by  their 
congratulations. 

The  public  intere,st,  I  think,  was  first  awakened  by  the  judg- 
ment of  the  very  eminent  scientific  men  before  whom  the  telephone 
was  exhibited  in  Philadelphia,  and  by  the  address  of  Sir  William 
Thompson  before  the  Erithh  Association  for  the  Advancement  o£ 
Science. 

At  a  later  period,  when  even  practical  telegraphers  considered 
the  telephone  as  a  mere  toy,  several  scientLGc  gentlemen,  Professor 
John  Pierce,  Professor  Eli  W,  Blake,  Dr.  Channing,  Mr.  Clarke, 
and  Mr.  Edson  S,  Jones,  of  Providence,  Rhode  Island,  devoted 
themselves  to  a  series  of  experiments  for  the  purpose  of  assisting 
me  in  making  the  telephone  of  practical  use,  and  they  communi- 
cated to  me,  from  time  to  time,  the  results  of  their  experimenta, 
with  a  kindness  and  generosity  I  can  never  forget. 

It  is  not  only  pleasant  to  remember  these  things,  and  to  speak 
of  them,  but  it  is  a  duty  to  repeat  them,  as  they  give  a  practical 
refutation  to  the  often-repeated  stories  of  the  blindness  of  scieolific 
men  to  unaccredited  novelties,  and  of  their  jealousy  of  unkuovn 
inventors  who  dare  to  enter  the  charmed  circle  of  science. 

I  trust  that  the  scientific  favour  which  was  so  readily  accorded 
to  the  telephone  may  be  extended  by  you  to  this  new  claimant— 
the  Pholophone. 


P.S. — Three  days  after  the  delivery  of  the  above  lecture,  I 
received  an  official  notification  from  the  Minister  of  Public  Instruc- 
tion in  France,  that,  on  the  recommendation  of  the  Academy  of 
Sciences,  the  French  Government  had  awarded  to  me  the  Volta 
Prize  for  the  invention  of  the  Telephone.  I  think  it  only  right 
that  I  should  express  here  my  high  appreciation  of  the  honour  that 
has  been  conferred  upoB  me. 

Alexakdee  Gbaham  Bell.  , 
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ON  INDUCTION  BETWEEN  PARALLEL  WIRES. 

By  Oliveb  Hbavisidb,  Associate. 

1.  Electrical  induction  is  of  two  kinds,  electro-static  and 
electro-magnetic.  The  electrification  of  one  conductor  is  always 
accoaapanied  with  electrification  of  others  that  may  he  in  its 
neighbourhood,  and  one  way  of  espressiDg  this  ia  to  say  that  the 
charge  on  the  first  conductor  induces  an  opposite  charge  on  a 
neighbouring  conductor.  Also,  any  change  in  the  amount  of 
electro- magnetic  induction  passing  through  a  circuit,  is  accompanied 
by  an  E.M.F.  in  the  circuit  proportional  to  the  rapidity  of  the 
change,  which  E.M.F.  produces  a  current  in  the  circuit.  The 
change  in  the  amount  of  induction  may  be  due  to  a  change  in 
the  current  flowing  through  another  circuit  in  the  neighhourboodj 
or  to  relative  motion  of  the  circuits,  or  to  changes  in  the  magnetic 
field  due  to  other  causes,  as  the  motion  of  a  magnet  for  instance. 
In  any  case,  the  transient  current  accompanying  the  change  is 
said  to  be  induced.  Both  inductions  are  in  action  together,  which 
considerably  complicates  the  matter,  but  either  one  or  the  other 
may  be  frequently  ignored  for  the  time,  without  serious  loss  of 
accuracy. 

To  illustrate  Uie  general  nature  of  induction  between  parallel 
wires,  it  is  sufficient  to  consider  two  wires.  Suppose  that  both 
wires  were  originally  free  from  charge  and  at  potential  zero,  and 
that  we  then  put  a  battery  on  at  the  beginning  of  the  first  wire, 
whose  remote  end  is  to  earth,  as  are  both  ends  of  the  second  wire. 
After  a  little  time,  a  steady  current  is  found  to  be  flowing  through 
the  first  wire,  and  no  current  through  the  other.  The  value  of  the 
steady  current  is  ^,  where  E  is  the  potential  at  the  beginning  of 
the  first  wire  and  R  its  resistance.  But  before  this  steady 
current  is  reached,  a  somewhat  complex  state  of  things  exists,  due 
to  the  action  of  electro-static  and  electro-magnetic  induction. 
Considering  the  electro-static  alone  in  the  first  place,  the  surface 
of  the  first  wire  forms  one  coating  of  a  condenser,  of  which  the 
other  coating  is  the  surface  of  the  earth  and  of  the  second  wire, 
which  is  in  connection  with  the  earth.   Now  one  pole  of  the  battery 
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is  connected  to  the  first  line,  and  the  other  pole  to  earth,  and 
therefore  with  the  second  line.  The  first  line  receives  a  charge, 
say,  positive,  while  the  earth  and  second  wire  receive  an  equal 
negative  charge,  the  amount  of  these  charges  depending  on  the  sim 
and  position  of  the  two  wires.  As  the  first  wire  is  being  charged, 
a  positive  current  flows  in  from  the  battery  to  do  it.  The  negative 
charge  on  the  earth  and  second  wire  may  be  considered  as  resulting 
from  a  negative  current  from  the  battery  to  earth  and  the  second 
wire.  Or  we  may  say,  using  old-fashioned  language,  that  the  +  elec- 
tricity  on  the  first  wire  attracts  —  from  the  earth  to  the  second  wire. 
Or  that  the  +  charge  on  the. first  wire  induces  a  —  charge  on  the 
earth  and  second  wire.  Or  that  the  potential  of  the  second  wire 
due  to  the  +  charge  on  the  first  is  4- ,  therefore  a  +  current  must 
flow  from  the  second  wire  to  earth,  until  its  potential  is  brought  to 
zero,  leaving  it  negatively  charged.  Or,  more  accurately,  becaTise 
more  comprehensively,  we  may  consider  all  the  elementary  circuitP, 
partly  conductive  and  partly  inductive,  from  one  pole  of  the  battery 
to  the  first  wire,  and  from  the  latter  to  earth  direct,  and  also  via 
the  second  wire  to  the  other  pole  of  the  battery,  in  every  one  of 
which  circuits  a  +  current  flows,  producing  electrical  polarization 
of  the  dielectric,  whose  residual  polarization  appears  as  a  + 
charge  on  the  first  wire,  and  a  —  charge  on  the  second  wire  and 
the  eartlL  But  whatever  mode  of  expression  be  used  the  result  is 
the  same.  The  final  distribution  of  potential  and  charge  when 
equilibrium  is  reached  may  be  easily  stated.  By  Ohm's  law,  the 
final  potential  v,  of  the  first  wire  is  E  Tl  —  yj,  x  being  tia 

distance  from  the  battery  to  any  point,  and  I  the  whole  length. 
And  the  density  pi  per  unit  of  length  of  the  first  wire  is 
c,Vi  =  e,  E  (l  —  7  j,  where  Ci  is  its  electro-static  capacity  per 
unit  of  length.  The  final  potential  of  the  second  wire  ia  of  couise 
zero.     The  linear  density  p^  of  its  charge  is  c^  ti  =  Cu  E  ( 1  —  ?) ; 

C|,  being  the  co-efficient  of  mutual  electro-static  capacity  of  the  two 
wires  per  unit  of  length,  c^,  it  should  be  remembered^  is  — ,  eO 
that  Pi  is  — .  (The  ratio  —  Cu  :  Ci  may  be  taken  roughly  at  about 
^  when  the  wires  are  suspended  at  the  shortest  usual  distance 
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^art  :  the  exact  value  may  be  readily  calculated.)  Thus  tho 
lotential  and  density  of  the  charge  on  the  first  wire  fall  uniformly 
(om  their  greatest  at  the  beginning  to  zero  at  the  distant  end, 
Irliile  the  density  of  the  charge  on  the  second  wire  rises  from  its 
peatest  —  value  at  the  beginning  to  zero  at  the  far  end,  the 
pensities  at  corresponding  points  being  roughly  as  4  r  1  at  the  most. 

!hus  the  second  wire  has  ^  the  opposite  charge  of  the  first,  and  the 

irth  the  remaining  |. 

2.  Now  removing  the  battery  and  putting  earth  on  instead,  the 
I  »irea  are  discharged.     The  charge   of  the  first  ■wire  flows  out  at 

Is,  reducing  its  potential  to  zero,  twice  as  much  going  out 
kt  the  battery  end  as  at  the  other.  As  its  potential  falls,  that  of 
iecond  wire  also  falls:  from  zero  it  becomes  — .  For  its 
Btential  due  to  its  own  —  charge  is  — ,  and  this  was  only 
Mutralized  by  the  equal  +  potential  due  to  the  original  charge  nf 
a  first  wire ;  so  as  the  latter  is  reduced  the  former  cornea  into 
(ay.  During  the  whole  time  the  first  wire  is  discharging  the 
ntial  of  the  second  wire  is  therefore  — ,  causing  a  +  current 
[bin  earth  at  both  ends,  which  lasts  until  enough  electricity  has 
btered  to  cancel  its  original  —  charge,  and  bring  it  to  potential 
pro  again.  Or  we  may  say  equivalently  that  its  --  charge  flows 
;  at  both  ends  simultaneously  with  the  discharge  of  the  first 
,  and  in  the  same  proportion,  f  at  the  battery  end,  and  ^  at 
B  other. 

3.  Now  insulate  the  second  wire  at  both  ends,  and  again  apply 
be  battery  to  the  first.     It  becomes  charged,  and  after  a  little 

me  a  steady  current  E  -^  R  flows  through  it,  and  its  potential  is 

B  f  1  —  t]  as  before.     But  as  the  second  wire  is  now  cut  o£f  from 

Vth  it  cannot  receive  any  charge,  that  is,  its  total  charge  must  he 

Likewise  itg  potential  must  be  + ,  and  of  the  same  value 

1  along. 

If  Vi,  Vi,  are  the  potentials,  p„  p„  the  linear  densities  at  distance 

X;  c   c,  the  linear  electro- static  capacities,  and  c^  the  linear  mutual 

elec'  K).static  capacity,  the  potentials  and  densities  are  connected  by 

the  equations 

pi  =  C,  Vi   +    C„  Vt  Pi   =   f,  ».v  +   C,,  l\ 
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Now,  since  v,  is  constant,  ctad  the  second  line  has  no  cliarge  fsi 
the  whole, 

c.,Vil+  c„ /Vi  dx=  0;  where  v,=  E  fl  -  j\ 

From  these  data  it  follows  that 

.,= -2^E;,.=  «.E(l-f)- j*E;,.  =  Ec„(l -f)-"f  E. 

Thus  the  potential  of  the  second  wire  becomes  imifomily  about 
one-eighth  of  the  potential  at  the  battery  end  of  the  first,  on  the 
former  assunoption  that  —  4  Cu  =  ci.     The  density  of  the  charge 

of  the  first  wire  falls  uniformly  from  E  [ c,  —  a^\  at  the  be- 

ginning  to  —  ^—  E  at  the   end,  thus  dividing  the  line  into  a 

positively  and  a  negatively  charged  portion,  the  length  of  the 
latter  being  (on  the  same  assumption)  ^V  of  the  whole  length. 
And  the  density  of  the  charge  on  the  second  wire  rises  uniformly 

from-^  E  at  the  beginning  to  — ^E  at  the  far  end ;  thus  the 
second  half  is  positively,  the  first  negatively  charged  to  the  same 
amount.     The  total  charge  of.  the  first  is  ^  E  i  I  c^ '^1 ;  of  the 

second,  zero. 

Thus  during  the  establishment  of  the  steady  current  in  the  first 
wire,  there  is  a  current  in  the  second  in  the  same  direction,  a 
transfer  of  electricity  from  the  first  half  of  the  line  to  the  second, 
leaving  the  former  negatively  charged  and  the  latter  positively. 
Semoving  the  battery  and  earthing  the  first  wire,  the  discharge  of 
the  first  wire  will  make  the  potential  of  the  second  wire  less  in 
the  first  half  than  in  the  second,  so  that  the  disappearance  of  the 
first  wire's  charge  is  accompanied  by  a  —  current  in  the  second, 
restoring  it  to  zero  potential  again. 

4.  These  examples  are  perhaps  sufficiently  elucidative  of  the 
part  that  electro- static  induction  plays  during  the  establishment  of 
a  current  in  a  wire,  and  of  its  influence  on  the  final  potentials 
and  densities.  All  disturbing  influences  have  been  of  conne 
ignored ;  perfect  earth  connections  have  been  supposed,  also  per- 


E;t  conductivity  of  tlie  earth,  periect  insulation,  and  absence  of 
rth  currents  and  atmospheric  electricity. 
When  the  number  of  parallel  wires  is  not  limited  to  two,  the 
.enomena,  though  mora  complex,  are  essentially  of  the  same 
iture.  The  final  states  of  potential  and  charge  assumed  by  any 
;mber  of  wires  with  batteries  applied  to  one  or  more  of  them 
u.ay  be  found  from  the  general  equations — 

p,  =  Ci   Vi  +   C|2  Va  +  Cia  f3   +  C„  «,   +   ...\ 
po  =  C[2  Vi   +   Ca    Wj    +  Cj3  Va    +   Cj,  V,    - 
Pj  =  c„  Vj   +  C.2iVi   +    Ca    Vg    -f-  Cjt  Vi  - 
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Here  Ci,  c^,  Cj,  ...  are  the  electro -static  capacities  of  wires 
1,  2,  S,  ...  ,  c,2  the  mutual  capacity  of  1  and  2,  c^  that  of  1  and  3, 
and  so  on,  all  per  unit  of  length;  Vi  Wj  Wg  ...  the  potentials,  and 
Pi  Pa  •■•  the  densitdes  per  unit  of  length,  (See  Maxwell's 
Electricity,  vol.  I.,  ch.  Hi,)  These  equations  will  be  referred 
to  later  on. 

5,  Now  there  is  electro-magnetic  induction  to  be  _  considered. 
For  simplicity  suppose  it  to  act  alone;  and. as  before,  take  the 
case  of  two  parallel  wires,  both  earthed,  and  apply  a  battery  to 
the  first.  During  the  establishment  of  the  current  in  the  first 
wire  (supposed  to  take  place  uniformly  all  along  its  length),  a 
current  in  the  opposite  direction  is  induced  in  the  second  (also 
uniform  all  along),  which  ceases  when  the  current  in  the  first 
reaches  its  steady  strength.  And  on  the  cessation  of  the  current 
in  the  first  wire,  a  current  is  induced  in  the  second  in  the  same 
direction.  But  this,  though  sufficient  for  many,  is  but  a  very 
rudimentary  statement  of  the  case. 

According  to  Thomson  and  Maxwell's  theory,  the  electric 
current  is  a  kinetic  phenomenon,  involving  matter  in  motion,  and 
the  motion  is  not  confined  to  the  wire  alone,  but  is  to  be  found 
wherever  the  magnetic  force  of  the  current  extends.  As  matter 
has  to  be  set  in  motion  when  a  current  is  iii  course  of  establish- 
ment, inertia  has  to  be  overcome,  the  real  inertia  of  moving 
matter  having  the  negative  property  of  remaining  in  the  state  of 
motion  it  may  have.  So  that  the  current  cannot  be  established 
instantaneously,  but  rises  gradually.     And  if  the  current  be  left  to 
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it-self  without  any  impreseed   E.M.F.  to  support  it,  it  does 
cease  instantaneously,  but  gradually  decays  in  the  same  niann( 
as  it  was  set  up,  in  virtue  of  the  real  momeDtum  of  the  movii 
matter.     That  it  decays  at  all  is  due  to  the  production  of  heat  by 
the   current,   which   ia  inseparable   from   its  existence,   i.e.,  tha 
kinetic  energy  of  the  current  is  degraded  into  the  kinetic  energy^ 
of  heat.     Thus  when  the  source  of  energy  is  cut  off  by  remo' 
the  battery,  the  momentum  of  the  current  begins  immediately 
fajl  off,  drawing  all  the  while  upon  its  reserve  store  of  energy 
maintain  it.     Now  respecting  the  currents  induced  in  neighbour! 
conductors.     The  momentum  exists  in  all  parts  of  the  field,  and 
the  removal  of  the  E.M.F.  becomes  visible  in  all  of  them, 
energy  becoming  degraded  into  heat  in  all.      Granting  this,  tl 
currents  induced  must  be  all  in  the  same  direction,  viz.,  as  that 
the  primary  wire  i  and  it  follows  immediately  that  on 
a  current,  the  opposite  occurs,  currents  in  the  opposite  direcl 
to  that  set  up  being  caused  in  all  the  wires.     In  the  aecom 
wires  it  is  evident  as  such  ;  in  the  primary  it  is  evident  as  retai 
ing  the  rise  of  the  current. 

Not  knowing  the  actual  mechanism  of  the  current  and  of  the' 
mt^etic  force,  we  cannot  know  what  the  actual  amount  of  real 
momentum  is,  although  the  amount  of  energy,  the  connecting  link 
between   all   forces,  may   be   calculated.     But,   in   a   dynami 
system,  it  is  not  at  all  necessary  that  the  mechanism  should 
known   completely.     If  the   state   of  the  system  is  compli 
defined   by  the   values  of  a    certain   number   of  variables, 
relations  between   forces,  momenta,  &c.,  corresponding  to   thi 
variables   may   be   calculated    on   strictly  dynamical    principh 
Thus  Maxwell's  electro-magnetic  momentum  of  a  circuit 
the  same  relation   to   the   impressed  E.M.F.  in  the  circuit  tl 
momentum  does  to  force  in  ordinary  dynamics.     Ohm's  law,  ho' 
ever,  remains  an  experimental  fact,  and  is  taken  as  such  alone. 

In  the  case  of  two  circuits,  the  equation  of  motion  are 

E  =  Ri7,  +  ^f  (Li7,  +  M7,) 


1 


0  =  K, ' 


"  dt 


(L,  7,  +  M7,). 
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Here  7j  and  7^  are  the  currents  at  any  moment  in  the  circuits  1 
and  2  of  resistances  E,  and  R^,  and  E  the  impressed  E.M.F,  in 
circuit  1.  Li  71  4-  M7,  is  the  electro. magnetic  momentum  of  the 
first  circuit,  and  L,  75  f  M  7,  that  of  the  second ;  Li,  L^  and  M 
being  constants  depending  on  the  form  and  position  of  the  circuits. 
In  the  first  circuit,  the  E.M.F.  E  is  employed  partly  in  main. 
taining  the  current  71  against  the  resistance  Kj,  and  partly  in 
increasing  the  momentum  of  the  first  circuit.  In  the  second 
circuit,  where   there  is  no  impressed  force,  the  induced  E.M.F. 

is  —  -ji  (L,  7,  +  M  7i),  that  is,  the  rate  of  decrease  of  its  electro- 
magnetic momentum.     Further  than  this  it  is  only  necessary  to 

E   . 
mention  here  that  the  setting  up  of  the  current  ^s  in  circuit  1  is 

accompanied  by  an  integral  current  'd~-d'  in  the  opposite  direction 
in  circuit  2,  and  the  decay  of  the  current  in  1  by  an  equal  integral 
flow  in  2  in  the  4-  direction. 

6.  We  may  now  compare  together  the  integral  currents  of 
electro -static  and  electro-magnetic  induction  in  circuit  2,  circuits 
1  and  2  being  two  parallel  suspended  wires  for  definiteness, 
earthed  at  their  ends. 

If  Qi  is  the  integral  electro-magnetic  current 

^>       K,  E, 
where  M  is  the  mutual  electro-magnetic  capacity  of  the  two  wires. 
If  Q3  is  the  electro-static  charge  received  hy  the  second  wire, 
Oh  i  E 


supposing  the  wires  have  the  same  resistance.     Thus 

S  '"""^ 

as  the  square  of  the  length.     One-third  of  this  must 

be  taken  for 

the  ratio  at  the  distant  end,  where   Qj  and  Qi  ar 

in  opposite 

directions. 

If  Cu  =   -003  microf.  per  mile,  M  =  ml,  and 

m  =  a  -^ftt 

4'-  ^'^m 
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centimetre,  or  482,802  per  mile:  R  =  ii,  and  i  =  15  ohms  per 
mile, 

■  Q.        I' 

*  Qi  -  4291 
Thus  when  I  =  about  65  milea  the  integral  currents  at  th? 
receiving  end  are  equal.  For  a  shorter  length  the  electro-static  is 
overpowered  by  the  electro-magnetic  and  the  reverse  for  a  greattr 
length.  This  calculation  is  quite  a  rough  one,  but  will  do 
approximately  for  two  suspended'  wires  at  the  shortest  Bsna! 
dbtance  apart. 

7.  Having  considered  the  general  nature  of  electro- static  and 
electro-magnetic  induction  in  the  simple  ease  of  two  wires,  and 
the  final  distribution  of  electricity  on  the  wires  in  equilibrium,  ths 
next  step  i^  to  more  accurately  determine  the  manner  in  which  the 
potential  and  the  current  behave  in  the  variable  state  that  super- 
veuea  between  one  state  of  equilibrium  or  steady  flow  and  another. 
In  the  first  place,  electro -magnetic  induction  will  be  ignored,  as  it 
greatly  complicates  the  theory,  while  it  is  of  quite  secondary 
importance  on  lines  not  less  tban  a  certain  short  length. 

The  fundamental  equations,  whether  we  consider  one  line  or 
many,  with  or  without  electro -magnetic  induction,  are 

y,  +  p,  =  0;  -/i  +  Pi  =  0 ;  y\  +  Pi  =  Q  )  etc.    ...     (2.) 
where  7  stands  for  current,  p  for  linear  density,  and  the  suffis 
denotes  the  wire  referred  to.     In  the  following  '  will  be  generally 
used  to  indicate  differentiation  with  respect  to  x  and  *  differentiation 
with  respect  to  (  the  time.     Thus  any  one  of  (2)  written  fully  is 

dx  dt 
This  is  nothing  more  than  the  equation  of  continuity,  and  it  may 
be  proved  thus.  If  7  is  the  current  at  x  at  time  (  then  7  +  7'  I'l^ 
is  the  current  at  a;  +  dx  at  time  t,  and  the  excess  of  the  current 
at  X  over  that  at  a;  -1-  cZa;  is  —  y  dx.  Therefore  in  the  time  <?! 
the  excess  of  the  quantity  of  electricity  that  baa  passed  x  over  what 
has  passed  33  +  dxis  —  y'  dx  dt,  and  this  quantity  must  have 
been  added  to  the  charge  oidx.  At  time  (the  latter  is  p  dx  ami 
at  time  t  +  di  it  becomes  p  die  -f-  p  dxdt;  whence  anotht'f 
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f  feipreRsion  for  the  increase  in  time  dt  oi  the  elementaiy  charge  of 
dxis  P  dxdt,  and  the  above  equation  follows. 

If  the  wire  exists  alone  we  have  p  =  ov.  Also  by  Ohm's 
law,  y  =  —  -rv',  where  h  is  the  resistance  per  unit  of  length. 
.Whence 

v"  =  chv      (3.) 

rith  the  same  equation  for  p  or  y.  (It  ia  practically  best  to  wort 
taith  V.)  This  is  Sir  Wm.  Thomson's  well-knovm  equation  of  the 
ntential  in  a  submarine  cable,  or  of  course  in  any  uniform  wire 
,ed  by  the  induction  of  others.  The  same  equation  was 
jiven  by  Ohm  for  the  '■'  tension"  of  a  uniform  wire,  but  singularly 
mough  it  was  arrived  at  by  an  entirely  erroneous  assumption,  viz., 
hat  a  wire  had  a  capacity  or  power  of  absorbing  electricity  into  its 
^bstance,  just  as  a  conductor  of  heat  has  a  "  capacity  "  for  heat. 
1  fact,  he  applied  to  electricity  Fourier's  equations  for  the  diffusion 
)£  heat  by  conduction.  Mathematically  considered,  it  amounts  to 
aactly  the  same  thing,  for  the  purpose  of  calculating  the  propaga- 
Son  of  signals,  whether  the  electricity  is  detained  in  tbe  substance 
if  a  wire,  or  forms  a  superficial  charge,  connected  by  tubes  of 
bduction  with  an  equal  opposite  charge  on  other  conductors 
jparated  from  it  by  a  dielectric,  the  so-called  surface  charge  being 
inerely  the  residual  polarization  of  the  dielectric,  within  which  the 
potential  energy  of  electrification  is  stored ;  yet  the  difference 
lietween  Ohm's  capacity  and  the  real  thing  is  very  striking. 

The  general  solution  of  (3)  adapted  for  suiting  limiting 
conditions  is 


=  SAs 


■Cr^^)'        (*J 


that  is,  the  sum  of  any  number  of  terms  of  this  general  form, 
■where  A,  a  and  b  are  arbitrary. 

Suppose  that  the  ends  of  the  wire  are  connected  to  appars.tus, 
(•eaistances,  condensers,  &c.,  in  a  given  manner,  and  that  the 
eonditions  thus  imposed  are  expressed  in  an  analytical  form. 
Substitution  in  the  general  term  of  (4)  will  give  rise  to  two 
Kjoations — 

tao.  (a  +  h)  —  01  (a)         tan.  6  =  <fi2  (a) 
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and  between  them  we  can  eliminate  b,  obtaining 
tan.  a.  =  ^  (a) 

These  determine  the  admiBsible  values  of  a  and  b  consiste 
with  the  nature  of  the  terminal  connections  ;  and  if  the  electric 
state  of  the  system  is  known  at  any  moment,  the  co-efficients . 
can  be  determined  so  that  the  right  hand  side  of  (4)  expresses  the 
potential  of  the  lino  at  that  moment  and  subsequently. 

If  i;  =  U  when  (  —  0,  where  U  is  an  arbitrary  function  of  x, 
then  will  the  general  value  of  A  be 


f/^ -(¥  +  '>- 


da 


i(«) 


(5.) 


This  is  on  the  supposition  that  at  i  =  0  none  of  the  energy  of 
the  system  resided  in  the  terminal  apparatus.  For  example,  if 
there  is  a  condenser,  it  must  be  uncharged ;  otherwise,  additional 
terms,  which  are  easily  found,  must  be  added  to  the  numerator  of 
(5)  the  denominator  remaining  the  same. 

In  fact 


JVsin.  (^^  +  b'jdx 


da 


1C») 


is  an  identity.     If  the  line  be  infinitely  long,  it  becomes 

fix)  =  ^Jduy'dysm.  (ux  +  b)  sin.  {uy  +  h)  f 

where  /  {x)  is  any  function  of  x  and  sin,  b  =  cos.  &    x  ^,  (u^ 
where  0,  (k)  is  of  the  form 

0s  (it)  =  hi  u  +  h^v?  +  h  u'-  •¥  .  .  . 

The  above  is  an  extended  form  of  Fourier's  Theorem 
in  Treatises  on  the  Integral  Calculus. 

8.  With  any  number  of  wires  we  have 


7i  = 


;  7i  =  —  7,-  ''^3,  etc.  ... 
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■where  kx,  h  ...  are  their  resistances  per  unit  of  length.     There- 
ire  by  eliminatiDg  71,  72 .  .  .  between  (2)  and  (6), 

v"j  =  h  pii  v"~  =  hj  p,;  ete (7.) 

om  which  p,,  pi  .  ■  .  may  be  eliminated  by  means  of  (1),  leading 

^'3  =  h  (C.l^'l  -^  Ci   V,   +  C23  Uj  +   ...) 

le  esact  solutions  of  which  for  any  given  terminal  conditions  and 
.yen  initial  distributions  may  be  readily  obtained. 

Beginning  with  the  simple  case  of  two  wires  of  the  same 
ngth,  exactly  similar,  and  at  the  same  height  from  the  ground, 
I  that 

Ci  =  Cj  =  c ;  kx  =  ^2  =  k. 
ere 

v"i  =  ckvi  +  Ciikv^;v"2=  ckvi  +  Cj,  k  v^. 
ow  choose  two  other  dependent  variables  vj,  and  luj,  so  that 

r,  =  W|   +  Wa ;   I'j  =  Wj   —  Wi ; 
nd  substitute ;  then 

id",  =  (c  +  Cij)  it  ly, ;  w"2  =  (c  —  %)  k  w-.. 
J  this  substitution  we  have  got  two  equations  of  the  same  form 
(3),  that  for  a  wire  uninfluenced  by  the  induction  of  others, 
lus,  imagine  two  fresh  lines  of  capacities  c  +  C12  and  c  —  Cia  per 
lit  of  length,  which  have  no  induction  on  one  another,  and  let 
eir  potentials  at  any  moment  be  half  the  sum  and  half  the 
Terence  of  those  of  the  real  lines  at  the  same  moment  at 
responding  points;  let  these  imaginary  lines  discharge  inde- 
idently,  then  the  potentials  of  the  real  lines  at  any  subsequent 
1  he  the  sum  and  the  difference  of  what  the  potentials 
the  imaginary  Hues  have  then  become. 
For  instance,  if  the  first  line  had  at  i  =  0  a  steady  current 

ft-  hi  inii  and  potential  v  =  E(l~i-j,  while  in  the  second 

I  i^  =  0,  and  the  battery  is  then  removed  and  botii  lines 
;hed  at  both  ends,  the  subsequent  potentials  are 
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E  ^    1     .      nirx  /Bit         D2^ 


where 


E  ^  1     ,     nirx  /  Di*        I>8<\ 


^1  —  —  /'>.  _i_  >.  \  un\  I's  —  "" 


and  the  summations  include  all  integral  values  of  n  from  1  to 
At  the  end  remote  from  the  battery  the  currents  are 

7i  =  t-tS  (— cos.  t^tt)  f6        +e       J 

.       E  _,  .  N  /  ^1*        ^«*A 

ry,  =  jTy  2  ( —  cos.  71  Tt)    f  6  —  6         1. 

The  arrival  curve  of  the  current  at  the  remote  end  of  a 
earthed  at  both  ends  and  not  exposed  to  induction  from  other 
is  given  in  a  readily  accessible  form  in  Professor  Jenkin's  Elect'i 
and  Magnetism,  with  a  table  of  the  value  of  the  current  at  difiei 
times  after  contact  was  made.     If  the  curve  there  given  be 
on  two  different  scales  as  regards  time,  viz.,  proportional  to  c  + 
and  c  —  Cia  and  from  these  two  curves  are  constructed  two 
ones  by  making  the  ordinates  of  the  latter  equal  to  half  the 
and  half  the  difference  of  the  former,  the  latter  will  be  the  arril 
curves  for  the  case  just  considered  the  big  curve  being  the  curr^t 
on  line  1,  and  the  smaller  one,  above  the  zero  line,  the  iDdu( 
arrival  curve  on  line  2.  f^  1 

9.  Again  two  wires,  dissimilar,  but  with  the  same  termii 

conditions.     Here,  by  (8)  I 

i 


v'\  =  ci  ii  Vi  4-  Cu  k,Vil  ^ 


To  find  elementary  simultaneous  solutions,  eliminate  either  Vi 
Vi]  thus  4^ 

where  v  stands  ^for  ^  and  D  for  -ti.*    Let  v*  he  any  numeriJ 

quantity,  the  above  is  an  algebraical  quadratic  equation  in  | 
whose  roots  are 
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4S» 


V* 


lerefore 

Vi  =  siD.  (ivaJ  +  &)  [Ae  ^    +  Be      J 


V,  =  sin.  (^  v^J  4-  6)  (ri  Ae 


+ 


*  )    ) 


(10.) 


lere  i  stands  for  \/—  1.  A,  B,  v  ^J^^l  &  ar©  arbitrary,  while 
I  fs  are  constants  which  may  be  found  by  inserting  these  solutions 
10)  in  (9),  giving 


n  = 


^2  = 


c,2  ifci  Di 


V'- CifciDs 


Ci2  *^\  J-^2 

The  suin  of  an  infinite  number  of  elementary  solutions  such  as 
in  (10)  may  be  made  to  represent  initially  any  given 
stribution  of  potential  in  the  wires,  and  also  to  satisfy  the 
linal  conditions.  The  latter,  when  giveui  settle  the  admissible 
dues  of  V  ^^^  &•  Di  aiid  Da  are  known  multiples  of  v>  ^^^ 
illy  the  value  of  A  H-  B  and  ri  A  4-  ra  B,  and  therefore  of  A 
id  B  can  be  found  by  integration,  so  as  to  make  the  complete 
lutions  represent  any  initial  arbitrary  potentials. 
In  the  simple  case  of  direct  earth  connection  at  both  ends  of 

>th  lines,  and  Vi  =  E  (  1  —  ?-  \  Va  =  0,  initially,  we  have 


thir 


=  0  and  i  v„  =  -y 


An  +  B„  = 


r« 


•!•  A„  — 


2E 
2E 


;  ri  A„  +  ra  Bn  =  0 

n       2E 


r,  —  ri  TiTT 


itherefore 


' 


2 E  ^  1    ,nirx 
Vi  =  —  2  -  sm. 


;B.  =  - 


r,  —  ri  71 TT* 


Dfi 


Va  =  S  Z"  Sill. 

TT 


I 
TlTTX 


f  ra  e      -  n  e     J  -?-  (r,  -  n) 


e 

Dtt 


n      '     I 
represent  the  potentials  at  time  t 


r  —  ri 
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10.  It  \?ill  be  observed  that  the  differential  equations  (8) 
each  contain  the  differential  co-efficients  with  respect  to  ^  of  tbe 
potentials  of  all  the  lines.    But  by  a  linear  transformation,  thus:— 


v,  =  Oi  tWi  4-  Os  Wi  -f  a,  ?x;3  +  ... 
Vg  =  5j  t^i  4-  6,  Wi  +  hws  +  ... 


and  by  properly  determining  the  constants  ai  ... ,  &i  ... ,  equations 
(8)  may  be  brought  to  the  form 

"i^'^i  =fiWi;  w'\  =  fiW^'y  etc. 

each  of  which  contains  only  one  dependent  variable,  so  that  we 
may  represent  the  actual  potentials  of  the  lines  as  linear  functions 
of  the  potentials  of  an  equal  number  of  imaginary  lines  having  no 
mutual  influence,  with  the  same  terminal  conditions,  and  charged 
initially  in  a  known  manner.  But  there  is  no  advantage  in 
commencing  thus,  the  following  process  being  simpler : — 
Equations  (8)  may  be  written 

0  =  JP21  ^1  +  i>22  ^2  +  Pis  Vs  4-  ... 

0  =  psi  V,   +  Pm  f»  +  Pi»  Vj  +   ... 


p  = 


•  •• 


where        p^  =  —  v*  +  ^1  ^1  ^^  1  P12  =  ^w  ^i  D ;  etc. 

By  eliminating  all  the  variables  except  one,  we  get  for  the 
equation  of  the  potential  of  any  line  P  v  =  0,  where  P  is  the 
determinant 

Pw     P\%    JP18 

Psi    i>22    P23 

Pai     P32     p«s 

The  terminal  conditions  beiug  the  same  for  all  the  lines,  the 
elementary  solutions  will  all  contain  the  same  function  of  x] 
then,  assuming  y"  to  be  a  numerical  quantity,  the  equation  P  =  0 

is  an  algebraical  equation  in-— 2  of  the  same  degree  as  the  number 

of  lines.    Let  the  roots  for  D  be  Dj,  Dj,  ...  .    These  are  all  known 
multiples  of  v^,  and  the  elementary  solutions  are 
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f        Di«  Dit  Dst  > 

Vi  =  sin.  (i^  X  -^  b)  [Ae       4-B6        4-Ce        +...J, 

{D|  t  Dj  t  > 

riAe        +  r,  B  6        +  .,.  J  , 

V,  =  sin-  (i^x  +  b)    (8i  A 6       4-  Sg  B  e       +...], 

etc.  The  quantities  n  ...  Sj  ...  may  be  found  by  inserting  these 
solutions  in  equations  (8).  As  before,  the  terminal  conditions 
settle  the  different  values  of  v  ^^^  h ;  and  integrations  serve  to 
determine  A,  B,  C,  ...  so  that  the  sum  of  infinite  series  of  the 
above  elementary  solutions  may  represent  the  initial  potentials. 

11.  But  if  the  terminal  conditions  are  not  limited  to  be  the 
same  for  all  the  lines  at  a;  =  0,  and  also  all  the  same  Q,tx  =  l,  the 
elementary  solutions  must  be  more  general.     First,  for  two  lines. 

Here 

as  before,  for  either  line.  Treating  D  as  a  constant  number,  this 
is  a  quadratic  equation  in  v'>  whose  roots  are 

therefore  an  elementary  solution  is 

Vi  =  {(Aisin.  +  BiCos.)iViic  +  (Ajsin.  +  B2Cos.)i  v,aj].e^     \ 

Vi  =  {ri  ( Aisin.  +  BiCOS.)iViic + raCAjsin. + B,cos.)iv2aj}  e      j 

where 

_  Vi  —  CikiT>        Vf  —  Ci  ^1  D 

^^  "        CiaifciD        '  ^*~       CiaitiD 

by  inserting  (11)  in  (9). 

The  four  terminal  conditions,  viz.,  two  for  each  line,  give  the 
ratios  Ai :  Bi :  As :  B2,  and  also  furnish  an  equation  for  the  admis- 
sible  values  of  D. 

We  have  thus  the  complete  solutions 

Vi  =  %Aui  6^*;  V,  =  S  Alfca  6^* 

•  where  the  functions  Ui  and  U2  are  completely  known;  also  the 

(  values  of  D.     If  when  ^  =  0,  Vi  =  Ui  and  v^  =  Uj,  these  being 

:  arbitrary  functions  of  x,  we  must  find  the  values  of  the  constants 

A  so  that 
^  XJi  =  S  Aui  •)  .•«  V 

,  =  S  A  u,  J 
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This  may  be  done  by  availing  ourselves  of  the  conjugate  pro- 
perty  possessed  by  two  different  possible  distributions  of  potential 
and  density.  Let  Un,  u^i  represent  one,  and  Uij^  u^j  represent 
another  elementary  distribution  of  potential,  corresponding  to 
D  (  and  D^  respectively.  The  first  decays  at  one  rate,  the  secosd 
at  another,  they  ^lay  co-exist'  without  interference,  and  their 
mutual  potential  energy  is  zero.  If  E  ij  is  their  mutual  potential 
energy 

Eij  =zj(^un  pu  +  U2i  p%j)dx  =1  {uij  pu  4-  U2i  pai  )  dx 

where  pn^  p^i  are  the  densities  corresponding  to  i^^,  u^^  and 
P\j  9  Pv  those  corresponding  to  Uij ,  U2jn  This  reciprocal  property 
is  an  identity  and  does  not  depepd  on  the  distributions  being 
independent.  That  Ei^  =  0  for  independent  distributions  may 
be  thus  proved.     We  have 

u'\i  =^  T) i  ki pii  ...  (13.)i  u'\i  ^  Di  h^p^i  ...  (13.)3 
u\j  =Djhpij  ...  (13.).  ,  ^"2>  =  Di  hp2j  ...  (13.). 
by  (7.)    Therefore 

Eij  =jiun  pij^+  v^i  p2j  )  dx 

by  (13),  and  (13)*, 

1  1        /* 

1  1      /• 

+  p-^  [^2<  n\j  -  u\i  U2j]  +  ^j-fe^y  ^''2<  U2J  d  X 

by  double  integration  by  parts, 

+  ^j'^u  pii  ^^  +  Djy '^"•^  '^'^  ^ 

by  (13)i  and  (13)8.    Therefore,  by  the  reciprocal  property 

(Dy    -  Di)  Eii  =  ^  [Ui<  U\j  -  W-'i,.  Uiy] 

+  TT  K  >'«>  -  -J^'.i  ^>]    (14.) 


o; 
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The    right-band  side  is   to   be    taken  between  limits,  and 

vanishes  whea  i  and  j  are  different  if  --.  =  constant,  that  is,  if  the 

lines  are  put  to  earth  at  the  ends,  or  insulated,  or  put  to  earth 
through  mere  resistances.  When  i  =  _;',  we  find,  by  taking  the 
limit,  and  discarding  i  and  j 

n  -,  1  1    r  (  ti^i         du'i"] 


1     r     d«j  du'i] 


where  n^  =  —  J).     By  applying  (14)  and  (15)  to  (12)  the  value 

of  any  co-efficient  A  is  found  to  be 

/  XJiUipidx  +    /U;  Ua  p,  dx 
1      r  ,  du,         d  ufji  1      r  ,  du^         du\~\ 

the  limits  for  the  integrations  being  0  and  I,  and  the  quantities  in 
square  brackets  being  taken  between  the  same.     The  form  of  A 

requires  modification  when  —  not  =  constant. 

12.  The  extension  to  any  number  of  wires  m  is  obvious.     In 
§  10,  in  the  equation  Pv  =  0,  let  D  be  any  numerical  quantity, 

then  P  =  0  is  an  algebraical  equation  in  ^  of  the  m"  degree. 
Let  its  roots  for  y"  be  v?j  Vt,  etc.,  then 

y,  =  Ml  c^ ' ;  %  =  itj  e^ ' ;  V3  =  u^e^^;  etc., 
where 

Ui  =  ( Ai  sin.  +  El  COS.)  i  Vi  ^  +  (^s  ^i"*-  +  ^a  cos.)  i  Vi  k 
^  +  (Again.  +  B,  cos.)  i'^^x  +  ... 

«a  =  r,  (A,  sin.  -1-  B,  cos.)  i  Vi «  +  '"a  (As  sin.  +  B^  cos.)  i  Vi  af 
+  7-B  (Ag  sin.  +  Bj  cos.)  i-^sX  +  ... 
etc.,  etc. 

is  a  system  of  elementary  solutions  ;  the  ratios  r,,  ...  being  found 
by  insertion  in  (8).  The  constants  Aj  Bj  ...  are  2m  in  number. 
The  terminal  conditions  are  also  2m  in  number,  and  sei've  to 
determine  the  2m— 1  ratios  Ai :  Bi :  Aj  :  B  :  ...  and  give  besides 
an  equation  for  D.     Thus  the  complete  solutions  are 
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Vi  =  S  A  Ui  el>*;  Va  =  S  At6,6^*;  etc.      ...     (16.) 

where  Ui,  i/g  •  •  •  and  the  values  of  D  are  completely  known.  TJie 
constants  A  may  be  found  by  the  conjugate  property,  which  is  now 
more  complex,  though  essentially  the  same.  Uu  ^21  ^s< ...  and 
Uij  v^j  Usj  ...  being  two  diflferent  independent  potential  distribu- 
tions, and  pii  ...  9  pij  ..,  9  the  corresponding  densities,  the  re- 
ciprocal property  is 


E 


ij  =j   {y^ii  p\j  +  y^ii  p2j  +  u^i  p^j  +  ...)  dx 
=  J   {'^hj  pii  +  "i^^j  p2i  +  Usj  pzi  4-  ...)  dx 


and  the  conjugate  property  may  be  shown  in  a  similar  manner 
to  before  to  be 

(D^-  -  D.)  E.j  =  j^K.-  <>  -  '^'li  '^ij  ] 

1 

+  j^  [U2,  u\j  —  u\i  Uij  ]  4-     (17.) 

Thus  E  ,j  =  0  when  —7  =  constant.     And 

/  (uii  pii  +  U2i  pti  +  Uzi  Pzi  +  .,.)  d  X 
= /(oitfJ  +  OgUi  +  Cg  i6§+...  + 2  C12U1 1^2  +  2  0,8  162^3  +  . ..)  ^ a; 

oLllJ.i2L"id      ...         •••         •••         •••         •••         •..         •••         •••        I  xOt ) 

where  ti*  =  —  D. 

The  left-hand  member  is  twice  the  potential  energy  of 
Ux^  U2,  Ua, . .  .  By  these  properties  fl7)  and  (18),  applied  to  (15), 
the  constants  A  may  be  found  so  as  to  make  Vi  =  Ui,  V2  =  Uj, 
^3  =  U3,  &c.,  when  f  =  0,  where  Ui  .  .  .  are  arbitrary  functions 

of  iC. 

13.  In  paragraphs  7  to  12  inclusive  only  electro-static  induction 
has  been  taken  into  account.  A  considerably  greater  complication 
arises  when  we  attempt  to  fully  exhibit  the  joint  action  of  both  the 
inductions.  We  have  still  the  fundamental  equations  of  con- 
tinuity, 


r 
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y'l  +  fi  =  0 ;  y'i  +  Pi  =  0;  etc. 
and  also  the  same  lelatioos  between  potential  and  density, 

pi  =  OiVi  +  CaV,  +  CuVi  +  ... 
etc,  but  the  equations  connecting  the  potential  and  corn 
now  no  longer 


-vl;  etc. 


but  are  of  the  mudi  more  complex  form : 

—  u}  =  A,  7i  +  Si  7i  +  8,2  7i  +  fijs  7o  +  , 

—  yj  =  ia  7j  +  Sij  7,  +  Sj  75  +  Saa  7b  +  . 

—  Vl=   i-j  73    +    S,g  7,    +   ifs3  7j   +   S,  73  +    . 


(19.) 


Heie^i,  s„  8|,  .  .  .  are  the  co-efiGcieuts  of  self-induction  (or  electro, 
magnetic  capacity)  of  the  wires  per  unit  of  length,  while  s,,  ia  the 
co-efficient  of  mutual  capacity  of  1  and  2  per  unit  of  length,  s„  the 
same  for  2  and  3,  etc.,  and  71  72  .  .  .  are  the  currents  in  the  wires. 
(Sefi  vol.  ii.,  Maxwell's  Electncitij.)  The  impressed  E.M,F.  —v 
in  wire  1  is  not  only  employed  in  maintaining  the  current  in  that 
wire,  but  also  in  varying  the  currents  in  all  the  rest. 
Eliminating  the  currents,  we  have 


^' 


^i  P\  +  s,  pi 

Vi    =hpi   +  8,s  p, 


8a  Pi   +    . 


^P.   +    . 


(200 


and  since  the  densities  are  linear  iunctiona  of  the  potentials,  th-e 
former  may  be  eliminated,  giving  rise  to  a  set  of  simultaneous 
partial  differential  equations,  each  containing  all  the  dependent 

variables  v.,  .  .  .  and  -r;— ;  -^.  and  —r-. .     By  eliminating  the  poten- 
dx"  at'        at' 

tials,  the  resulting  equatioDs  in  the  densities  are  somewhat  simpler 

as  regards  the  co-efficients. 

Beginning,   for  more  completeness,  with  the  case  of  a  single 

wire,  we  have 

v"  =  ckv  +  CSV    (21.J 
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V'y  =  (ciED  +  csD')  w  " 

.1  solution  is 
V  =  t  Bin.  {i  \?  X '\-  h)  CAe».  *  +  E  e^t*) 
where  D,  and  D;  are  tbe  roots  of 

CflD'  +  ciD  —  v°  — " 
and  v'  is  any  nameiical  quantity.     That  is 

^i  =  2^9  (-  *=*  ±  v'c'A'  +  ifisv') 

For  simplicity,  let  the  wire  be  earthed  at  both   ends,  then 
i  y  =  — ~,  where  n  is  any  integer,  and  6  =  0,  so  the  elementary   i 
solution  is 

or,  if  Di  and  D;  are  imaginary, 

V  =  sin.  — J—  «-'''  (A  sin,  +  B  cos.)  qt 
where 


S;       /n'  TT*       s         1 


The  latter  form  will  be  used  preferably.  If  q  be  imaginary, 
D,  and  Dj  are  real  and  negative,  and  the  simple  harmonic  distri- 
bution of  potential  sin.  —  -  -  decreases  asymptotically  towards  zero. 
But  if  q  be  real  it  oscillates  at  a  rate  proportional  to  q,  tie 
amplitude  of  the  oscillations  decreasing  a5ymptotically  towards 
zero  at  a  rate  proportional  to  p.  Whether  v  is  oscillatory  or  not 
depends  on  the  values  of  I,  n,  s,  c,  and  h.  Let  c  =  '02  microf,  per 
mile,  it  =  15  ohms  per  mile.  The  value  of  a  for  iron  wire 
^epends  mainly  on  the  quality  of  the  iron,  and  is  therefore 
rather  indefinite  iu  the  absence  of  actual  measurement.  Let 
s  =  15  X  10°  per  mile  (electro-magnetic  units).     Then 

•       15  X  10'  , 

J-lSlTTO'-l''      =«°- 
and  ci—  02  X  10""  x  15  X  10' —  3  X  lO-'sec.i 

therefore  

,„,      /jSMO'       1 
q  =  10  \/  -j3 — o -1  approximately. 


r 
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Now  the  first  value  of  to  13  1,  so  for  the  first  term  to  be  oscillatory 
i'  <  J  10*,  or  i  <  365  miles.     Therefore  if  the  length  of  the  line 
is  lees  than  365  miles,  all  the  terms  are  oscillatory. 
For  100  miles 


g=  10- 


^i 


The  period  of  an  oscillation  is  —  ;  for  the  first  term  this  amounts 

2 
to  yfw^  second,  or  about  ^i^  second.     But  since  -r  =  -nhns  second, 
the  amplitude  falls  very  quickly,  the  second  oscillation  being  small 
compared  with  the  first.     It  is  only  on  short  lines  that  there  can 
be  many  oscillations  without  much  diminution  of  amplitude. 

Tiie  physical  reason  of  the  oscillation  will  be  readily  under- 
stood from  §5.     Suppose  that  at  i  ^  0,  ^  =  sin.  -r-,  so  that  the 

density  is  p  ^  c  sin.  y,  that  the  charge  is  at  rest  at  that  time, 
and  is  then  left  to  itself.  The  E.M.F.  of  the  charge  is  at  first 
— T  COS. -i- ;  this  sets  the  charge  in  motion  symmetrically  from 
the  centre.  Self-induction  retards  the  outward  flow  at  first,  but 
once  in  motion  the  current  requires  force  to  stop  it.  Therefore 
the  current  does  not  cease  when  tbe  line  is  discharged,  hut  con- 
tinues, thus  producing  a  negative  electrification  similar  to  the 
first  positive,  though  smaller,  and  the  E.M.F,  of  this  —  charge 
brings  the  current  to  rest.  Then  the  current  sets  in  the  other  way 
producing  similarly  a  +  charge,  and  this  goes  on  until  the 
resistance  of  the  line  uses  up  all  the  original  energy. 

Suppose  that  the  line  is  oriuinally  free  from  charge  and  con- 
nected to  earth  at  both  ends,  and  that  at  the  time  (  =  0  an 
electromotive -force  E  is  put  on  at  x  =  0.  The  course  of  the 
potential  is  then 

„/         x^        2E^l.«7riC       ^./p.  \ 

- -^['  —i)  - ^^ i'"'- nr  '-"Hi'"'-  +  '■>'■  )i> 

(22.) 

And  of  the  current 

,_^  (1  -  .-,  +  f]' S  cc.?ti^  ,  ?i^  e- si„.  „  ...(33.) 
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These  formulse  are  not  very  intelligible  without  some  study, 
rough  idea  of  their  meaning:  may  however  be  obtained  without 
calculating  them  exactly.     When  the  line  is  quite  short  the  i  under 
the  radical  sign  in  the  value  of  3  is  small  compared  with  tL^ 
preceding  term,  and  "  is  also  small  compared  with  1 ;  therefore,  Ly 


:hout  I 

nder   1 


I  y/c8 


I.  =  E  (1  - 


by  Delecting  I 


(24.) 


neglecting  -  sin,  3  i  in  (22),  and  taking  q 

the  \,  that  equation  becomes 

x\       2E^  1    .      TiTraj       „,  nirt 

7  1  —  —  i  —  am.  — i —  e  ~  '^ '  cos. ; — j=^ 

Now  it  may  be  shown  that  if  we  cancel  the  factor  e~"  common 

to  all  the  terms  in  the  summation  in  (24),  that 

V  =  0  from  ^  =  0  to  i  =  x^a  0 

asd  V  =  E  from  i  =  xs/a  c  to  (  =  Is/s  c 

Or, 

w  =  E  when  0  <  a:  <  -^= 
v^sc 


=  0  when  — ,^  <  d 


<l 


This  is  best  interpreted  graphically.  Divide  the  period  2  JaJTh 
into  say  eight  parts  equal  to  t,  let  ahscissse  represent  distance 
along  the  line,  and  ordinates  the  potential,  then  the  following  shoif 
the  progress  of  the  potential  during  one  period. 


Q 


:i_ 


a. 


The  potential  E  here  travels  to  and  fro  along  the  line  will) 


tmlform  velocity  — ==.     At  a;  = 


[ 
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then  E  from  i  =  2  t  to  i  =  6  t,  then  0  from  i  =  6  r  to  i  =  10  t, 

id  so  on,  thus  being  alternately  E  and  0  for  equal  periods,  its 

E  I 

1  value  being  h  .     At  a;  =  j,  v  =  0  from  (  =  0  to  f  =  t,  ia 

then  E  from  t  =  t  to  t  =  7 t,  tlien  0  from  f  =  7Ttoi  =  9T,  and 
so  on,  being  three  times  as  long  at  E  as  at  0,  so  that  ita  mean 

31 

At  a;  =  X'  ^  ^^  ^^^°  alteroately  0  and  E,  but  ia  three 

.       E       . 
Bmes  as  long  at  0  as  at  E,  its  mean  value  being  -j.     Similarly  for 

pay  other  point,  so  that  the  mean  value  of  »  ia  E  f  1  —  t  j,  what  it 

iHtimateliy  becomes  in  the  real  case. 

Now  the  abrupt  discontinuities   are   due  to   the   assumptions 

lade,  80  that  to  pass  to  the  real  case  we  must  first  of  all  round  off 
the  sharp  corners  E  and  C,  and  slightly  curve  the  straight  lines,  as 
shown  in  the  figure  marked  2,  And  nest,  we  must  introduce  the 
factor  e~*".     The  effect  of  this  ia  to  make  the  summation  in  (24), 

i.e.,  the  amount  by  which  v  depart  from  E   (1  —  t  j,  the   final 

potential,  decrease  rapidly  with  the  time.  As  the  wave  progresaea 
the  upper  portion  continuously  falls,  while  the  lower  portion  con- 
tinuously rises,  and  the  double  turn  in  the  curve  becomes  less 
prominent,  and  is  finally  wiped  out  altogether,  A  E  C  D  thus 
becoming  ultimately  a  straight  line  joining  A  and  D,  rapreaenting 
I  the  final  state. 


.(1 


-TJ 

The  rapidity  with  which  the  wave  decreases  being  proportional 
to  p  is  the  same  for  any  length ;  the  velocity  of  the  wave  is  also 
constant.  But  as  the  time  the  wave  takes  to  reach  the  distant  end 
is  I  \/sc,  the  longer  the  line  is,  the  leas  does  the  wave  become 
before  it  has  made  a  single  journey  from  0  to  I.     For  100  miles, 

23  1  /"y 

p  =-T-  =  cTjTj  second,  (see  above)  andJv^sc  =j^777-.  8o  that  even 

on  its  first  journey  the  wave  is  greatly  diminished.  For  10  miles 
l^  ae  =  1  ooflO'  ^'^  ^'^^^  *^^  wave  may  make  10  journeys  before  it 
•decays  as  much  as  in  one  journey  on  a  line  of  100  miles. 

On  removing  E,  there  is  a  similar  wave  travelling  to  and  fro 
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whilst  V  falls  from  E  (  1  —  y  J  to  0.     Corresponding  to  the  former 
figures,  we  have  the  following : — ■ 


showing  the  changes  during  the  period  21^ sc,  divided  into  eigtt 
equal  intervals.     Here  v  at  anj  point  x  is  alternately  ^  {  1  ~  "i  ]     I 


that  the  mean  value  of  v  is  0.     Thus  at  a;  =  7,  «  is  three  times: 

E  3E        ,  31      .     ,  . 

long  at  —  ^  as  at  +  -^,  and  at  a:  =  — ,  •!;  is  three  times  as  long 


and  the  wave  supposed  to  diminish  rapidly  a 

The  current- wave  may  be  similarly  treated.     Neglecting  tlie 
in  q  the  Bummational  part  of  (23)  becomes 


2E       /c 


'  sm.  ■; — ■y=^ 


and  cancelling  the  factor  c-*",  this  represents 


and 


''^V'bITTc 


from  X  = 


0  to  a: 7^ 

V  sc 

I. 


The   changes  during  the  eemi-period  I  ■,/  a  a  are  shown  in  •■ 
following,  where  the  ordinates  now  represent  current. 
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Q= 


□  I 

3  i 

In  :he  second  semi-period,  5  is  the  same  as  3,  6  tbe  same  as  2,  7 
the  same  as  1,  and  S  the  same  as  0.  As  before,  the  lines  A  B  C  D 
must  be  rounded  at  E  and  C,  and  the  wave  aa  it  progresses  sup- 
posed to  diminish  rapidly.  This  wave  is  superimposed  on  the 
:fiteadily  rising  current  r-j  (1  —  e    "").    As  the  latter  is  increasing 

in  strength  the  oscillations  are  decreasing,  and  the  final  current 
E 
kl- 
The  ratio  of  the  maximum  strength  of  the  current-wave  to  the 
'aaol  current  ia  ii:  J  a/  —  =  -.,.„-■  For  100  miles  this  is  1"73,  for 
ED  miles  "173,  varying  as  the  length  of  the  line.  The  wave  is 
(trongeat  at  the  moment  of  starting  from  x  =  0,  where  it  may  be 
taken  to  represent  the  well-known  charge  at  the  moment  contact 
B  made,  which  varies  as  the  length  of  the  line. 

It  should  be  remembered  that  this  mode  of  representation 
applies  to  short  lines  only.  On  long  lines  the  oscillations  are 
practically  confined  to  the  battery  end. 

14.  The  simplest  case  for  two  wires  is  when  they  are  alike, 
-that  is 

c,  =  Ca  =  c ;  hi  =  Jc^^  k;  Si  =  sa  =  s ; 

3nd  their  terminal  conditions  are  the  same.  By  (20)  our  equa- 
tions are 

vY  ^  okVt  +  (CS  +  Cij  S.o)  V,  +  Cij  kVii+  {c  8^  +  c^  s)  Va 
V'^  ^  Ckv,  +  (c  5  +  Ci2  S,i)  Vi  +  Cj2  k  Ui  +  (c  3,2  +  Cij  s)  c 

Here  we  may  separate  the  dependent  variables  by  the  trans. 
formation 
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so  that  the  resultiog  equations 

U'['  =  (c  +  C,j}  {i  Wi  +  (8  +  3ll)  Wi} 
w)^  =  (c  —  c,,)  J  it  Wa  +  (s  —  s„)  w;,} 
each  contain  only  one  dependent  rariable.     These  are  vhat  ire 
should  find  for  two  wires  of  electrostatic  capacity  c  +  c„  and 
c  —  Cii  and  electro-magnetic  capacity  a  +  %  and  a  —  «,i,  with 
same  resistance  as  the  real  vires,  having  no  mutual   inductiTS 
action ;  and  elementary  solutions  are 

Wi  —  sin.  (to  »  +  6)  e—Pi '  (A^  sin.  ji  (  +  Bi  cos.  gi  () 
Wi  —  ain.  («.  aj  +  fc)  e— J^  '  (A,  sin.  ^^  (  +  B,  cos.  g,  t) 
where  —  j>i  +  i  5i  and  —  jj,  +  i  ^a  are  the  roots  of 

(c  +  c,j)  (s  +  ff„)  DJ  +  (c  +  c„)  iDi  +  ft=  =  0 
(c  -  c„)  (fl  -  5„)  D;  +  (c  -  c")  h  Ds  +  7(.'  =  0 
and  71  is  any  numerical  quantity.     Or, 

P'  =  2  (8  +  Su)  '  ^'  "  a  {s  +  s„) 

and  ^,  g,  are  found  by  changing  the  signs  of  Sa  and  Cu  in  p,  and  <} 
The  solutions  in  the  last  paragraph  may  be  immediately  sppliet 
Thus  if  both  wires  are  to  earth  at  both  ends  and  E  is  applied 
the  first  at  a  =  0  we  shall  have 

for  the  imaginary  wires,  and  Vi ,  li„  the  potentials  of  the  real  wi 
will  be  the  sum  and  difference  of  v\  and  w^.  And  if  i^i  ^s  are  1 
currents  corresponding  to  «Ji  aDd  w^ 

and  ryi  7j  will  be  the  sura  and  difference  of  iji  and  ij,. 

15.  More  generally,  if  the  lines  are  not  exactly  similar, 

w"  =  a,  w,  +  &i  Vi  +  (?i  V,  +  /i  Vt 
?;'i  —  a,  i;,  +  (j^  ^a  +  <^2  v.  +  /,  v, 


r 
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-where  a„  bi,  di,f„  .  ,  .  may  be  found  by  inspecting  ^2)   and  (8). 

If  the  terminal  conditions  are  the  sa.me,  assume  —^  =  —  n^,  then 

V,  =  Ein.(7ia)  +  b)  (Ae»i«  +  Be^'t  +  CeV,t  +  DeD.f) 

-y,  =  6in.  (_nx+h)(^r,Ae^ii  +  r,Be^^t  +  nC  e^^i  +  i\T)e°*i) 

where  Di .  .  .  are  the  roots  of 

(■Ji* +ai  D  +  &,  D')  (Ti' +  da  D  +  6,  D=)  =.  (cZ,  D  4-/l  D")  ((i,  D +/,  D') , 

Ti  is  given  by 

0  =  u^  +  o,  D,  +  t,  D!  +  r,  (di  Di  +f^  Di) 
and  Ts  Ti  Ti  by  similar  equations  containing  Dj  D,  Di  instead  of 
D,. 

After  finding  the  admissible  values  of  n  and  b  from  the 
terminal  conditions,  Di  .  ,  ,  are  known  in  terms  of  n,  and  by 
means  of  four  integrations  A,  B,  C,  D,  may  be  determined  so  as  to 
make  the  Bum  of  an  infinite  series  of  elementary  solutions  represent 
initially  arbitrary  distributions  of  potential  and  current. 

16.  Still  more  generally,  any  Dumber  m  of  wires  with  the 
same  terminal  conditions.  The  result  of  eliminating  from 
equations  (20)  all  the  variables  but  cue  is  Fv=0,  (see  §  10) ;  the 
elements  of  P  are  now 

p,^ S^^  +  0,  hD  +  (C,    Si  +  C,^3,^  +  C„Si3  +  C„SH+  ...)D^ 

pit  =  C|2  kiD  +  {c,i  Si  +  C^    Sj2  +  C,3  3,3  +  Ca,  Si,  +  , . .)  D' 

I  Pis  =  c,jZ:i  D  +  (c,a8i  +  CjaS,,  +  Cj  Su  +  Cm  8i,  +  ...)  D* 

I  ^j[  =  CiB  I'a  D  +  (Ci  a,j  +  C„  Sj  +  Cia  aj)  +  Cu  3m  +  . . . )  D* 

k  j)2j,=  —  v=  +  e,  ^-jD  +  fciafl,a  +  Cj  Si  +  C,,^  +  c„8,4  +  ...)1>' 
ipj,=  CasjtjD  +  (fiijSis  +(rj3Ss  +  Cj  %  +  C3tS«  +  ...)D 


where  V  stands  for  -v-  and  D  for  -y-..  Putting — v^  =  tj.*,  any 
numerical  quantity,  P=0  is  an  algebraical  equation  in  D  of  the 
2m'''  d^ree.  Let  its  roots  be  l>i  Dj  ,  .  .  ,  then  a  system  of 
simoltaneous  elementary  solutions  ia 
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Here  the  ratios  A,  :  B,  :  Ci  :  ,  .  .  will  be  settled  by  the  equation 
0  — y,,  A,  +  jPij  B,  +  ^,3  C,  +  ... 

0  —  p„  A,  +  pja  Bi  +  Pa  C,  +   ... 
0  =.^s.  Ai  +  p3.  B,   +  Pas  C,   +   ... 


■where  in  the  values  oi  p^  .  ,  .  are  substituted  — ti^  for  v'  and  Di 
for  D.  Similarly  the  ratios  A3 :  B, :  Cg : .  . .  by  similar  equations 
with  D2  for  J>  instead  of  J),.  So  after  finding  the  admissible 
values  of  n  and  b  from  the  terminal  conditions,  the  elementaiy 
solutions  above  only  contain  2m  arbitrary  constants.  Therefore, 
as  there  are  m  lines,  2m  integrations  in  the  ordinary  manner, 
viz.,  two  for  every  line,  will  determine  the  values  of  theee 
constants  for  any  term  in  the  complete  solution.  The  given  data 
may  be  the  initial  values  of  v  and  v,  or  of  v  and  7,  or  of  something 
equivalent,  for  every  line. 

17.  The  influence  of  defective  insulation  will  now  be  briefly 
considered.  As  every  English  telegraphist  knows,  on  long  lines 
in  very  bad  weather  the  leakage  is  so  great  that  hardly  any  current 
is  received  from  the  sending  station,  sometimes  putting  a  stop  to 
communication  altogether.  But  although  leakage  when  carried 
too  far,  is  a  great  evil,  it  nevertheless  has  its  good  points  acd 
important  practical  uses.  It  quickens  the  signalling,  or  would  do 
so  were  the  speeds  attained  anything  like  what  the  amount  of 
inductive  retardation  due  to  the  lines  would  admit  of  (such  speeds 
as  can  be  got  with  Bain's  recorder),  which  is  far  from  being  the 
case  with  the  instruments  in  present  use.  But  leakage  has  stiL  its 
value,  viz.,  in  reducing  the  magnitude  of  the  foreign  currents  in 
receiving  inKtruments  due  to  the  induction  of  neighbourinir  wires. 
Charging  one  line,  and  so  raising  the  potential  of  a  parallel  one, 
causes  a  flow  of  electricity  from  the  latter  to  earth.  Now  defective 
insulation  not  only  makes  the  inducing  charge  less,  and  therefore 
the  induced  charge  less,  but  also  allows  a  portion  of  the  latter  to 
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1  between  earth  aod  line  through  the  poles  direct,  instead  of 
iirough  the  receiving  instruments. 

"When  a  line  is  permanently  charged,  the  equation  of  its 
iptential  is 


iiere  h^  =  ~^  ,  and  h  and  i  are  the  resistances  per  unit  of  length 
jf  the  wire  and  its  insulation.     The  general  solution  being 
:  As''"  +  Be— ''^ 
if  the  potential  is  that  produced  by  an  E.M.F.,  E  at  a:  =  0,  and 


the  wire  is  earthed  at  x 
b  v  =  E 


I,  its  potential  is  then 
e^(J  — »)  _-  c  —  kii- 


the  total  charge  is  therefore 
Eci         2 


/vodx 


hi 


2"  when  A  =  0  and  perfect  insulation. 
The  influence  of  leakage  is  of  course  greatest  on  long  Unea. 
Let  I  =  400  miles,  /fc  =  15  ohms,  and  i  =  1  megohm  per  mile, 
then  it  will  be  found  that  the  charge  is  '84  of  the  normal  charge 

— g-  with  perfect  insulation.     And  if  the  insulation  is  as  low  as  ^ 

megohm  per  mile,  the  charge  is  only  "59  of  the  normal  charge. 
The  induced  charges  on  neighbouring  wires  are  reduced  in  the 
same  proportion. 
K     The  current  is 


-Ijl-hl. 


eft(i  — b)  +  g  — ji(i_j,) 


It  is  increased  from  its  normal  amount  t"?  in  the  first  part  of  the 

line  and  reduced  in  the  other  part,  but  it  will  be  found  that  its 

E 
mean  strength  la  still  y,. 

When  the  line  is  discharged  by  removing  E  and  earthing  at 
E  0,  the  integral  current  of  discharge  at  any  point  x  is 
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-«-»i)-i|- Jj  («»(i-")  +  e-Kl— )) 


Eel 
2 

'  rC""'-' -'-""-')  + 2 !4;4^ 


^  I 

which,  for  perfect  insalation,  becomes 
EcZ 


Eel  f      2  X       x^') 


In  the  line  just  consider eil,  when  i  =  1  megohm,  and  the 
charge  is  "84  of  the  normal  charge  ~o~>  ^^^  discharge  at  a;  =  0 
is  "4  of  the  normal  charge,  and  at  a;  =  Z  it  is  only  '2  of  the  normal 
charge,  the  remaining  -24  passiog  to  earth  direct.     And  if  the 

insulation  is  *  =  J  megohm,   the  discharge  at  a  =  0  is  '32  — ^, 


the  amount  of  leakage  is  '21  — q— .  Thus,  with  i  =  1  megohm, 
the  leakage  reduces  the  proportion  of  the  discharge  at  the  receiving 
end  from  ^  of  the  original  charge  to  less  than  J,  and  with  i  =  i 
mehogra,  from  J  with  perfect  insulation  to  about  -rs- 

18.  Of  the  three  sets  of  equations,  those  of  continuity,  those 
between  the  potentials  and  densities,  and  those  between  tbe 
currents  and  electromotive  forces,  only  the  first  require  to  be 
modified  to  bring  in  leakage.  As  in  g  7,  one  expression  for  the 
excess  of  current  at  x  over  that  B,t  x  +  d  x  is  —  y'  d  x.  The 
other  is  now  (p  +  --]dx,  where  the  additional  term  -^  <2  ie  is  the 
leakage  current  of  d  x,  viz.,  the  potential  oi  dx  divided  by  its 
insulation  resbtance,  which  is  t— .  Thus  the  equation  of  con- 
tinuity becomes 


and  the  changes  iatbe  equations  for  the  potential  are  easily  fouDd. 
Equation  (21),  |  13,  for  the  potential  of  an  isolated  line,  now 


■i''  +  'h)  (f  +  °") (25-) 


r 
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First  putting  8  =  0,  or  ignoiing  electro- magna  tic  induction  com. 
pared  with  electro-static,  which  ma.y  be  done  for  long  lines,  (25) 
becomes 

v"  =  h''v  +  chv 
whose  elementary  solution  is 

J.  ?il 

V  =  A  6     "'  sin.  (ti  SB  +  6)  e      "     ; 

thus  the  general  aolution  for  any  arbitrary  initial  potential  is  the 

me  as  (4),  §  7,  if  the  summation  there  be  multiplied  by  e     "'. 

To  estimate  the  relative  rapidity  of  disappearance  of  an 
Bumed  initial  potential  A  sin.  — *-  with  and  without  leakage, 
b  I  =  400,  h  =  15  ohms,  *  =  1  megohm,  as  preyiously,  and 
=  '02  microiarad.  Then  ck  =  3  x  10 -'  and  ci  =  '02  second, 
lerefore 

chV       48  X  10-"         ,  1 

id  the  rates  of  decay  are  as  250  :  200,  or  5  :  4  in  favour  of  the 
If  I  =  800  miles,  the  ratio  is  2  : 1 .  The  higher  terms 
i  the  expansion  for  v  are  little  affected. 

It  is  worthy  of  notice  that  if  we  neglect  electro. static  in  com. 
arison  with  electro-magnetic  induction,  an  equation  of  the  same 
irm  is  obtained.     Putting  c  =  0  in  (25), 

v"  =  k^  V  -^  ~  V 

[ere  c  k  has  become    -  ,  and  the  solution  is  therefore 

kt  iiAt  ^^M 

v  =  S  A  e      *    sin.  {nx  +  b)  e        '  ^^H 

But  —  is  of  course  very  small  compared  with  t  ,  so  tbat  the  potential 
on  putting  on  a  battery  is  established  almost  instantaneously. 
The  rise  of  the  current,  however,  depends  almost  entirely  on  the 
time-current  ^  ,  and  is  consequently  much  slower. 

Now,  reckoning  both  the  inductions,  the  elementary  solution  of 
(25)  B 

V  =  sin.  {na  +  h)  e  — p'  (A  sin.  +  B  cos.)  qt 
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•where 


P  =  -JT- '  2  =  ^  V  ^  r  +  i  J  -  4  C 1  +  7H J 

Comparing  with  the  corresponding  formulsa  in  §  13  without  leak- 
age,  it  is  seen  that  n^  hecomes  71'+-,  and  h  becomes  Ic  4 


^'  ■  c% 


The  first  change  is  insignificant,  the  second  of  some  magnitude. 
The  rate  of  decay  being  proportional  to  j?  is  iiicreased  in  the  ratio 

1:1  +  -xi*    Taking  -r  =  j^^q  ,   and  c  i   =   '02,   the   increase 
amounts  to  5  per  cent. 

For  two  parallel  wires,  the  potential  equations  are 

v"i  =  (ii  +  Si  ^j  \^^  +  Ci  Vi  +  Ci, V, j  +  ^^^dTtij^  ■*■  ^'^^^  ^"^V 

,»  fn  d  \     /V^  •  •  \  d  fVx  •  .A 

V  2  =  l^fc,  +  «2  J^j    (^^  +  C2  Va  +  C12V1J  +  ^12  d^i^i^  +  Ci  Vi+  C„Vj  1 

%  and  ^2  being  the  insulative  resistances. 

If  the  lines  are  quite  similar,  so  that  their  co-efficients  are  the 
same,  we  may  use  the  transformation 

Vi  •=-  w^  •\-  W2\  V2  =  Wi  —  W2 ; 
obtaining 

w\  =  (2;  +  (5  +  s„)^J  (t  ■*■  ("^  ■*"  ^''^  ^0 

w'\  =  (*+(«-  ^12)  ^j  (t  ■*■  ^^  "  ^"^  '^O 

which  are  of  the  same  form  as  (25)  for  an  isolated  wire.  Thus, 
supposing  there  to  be  two  imaginary  lines  of  capacities,  8  +  s^^ 
c  +  C12,  and  8  —  S12,  c  —  c,,,  and  having  the  same  insulation  and 
conductivity  as  the  real,  and  without  any  inductive  action  on  one 
another,  the  potential  of  the  real  lines  may  be  expressed  as  the 
sum  and  the  diflference  of  the  potentials  of  the  imaginary  lines. 
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ON  DETERMINING  THE  POSITION  OF  A  FAULT  WHEN 
BOTH  ENDS  OF  THE  CABLE  ARE  AVAILABLE. 

By  H.  KiNGsroRD. 

The  various  corrections  for  Varley's  Loop  Test  already  published 

are  in  themselves  sufficient  proof  that  an  error  always  exists  in 

R  —  r 
results  obtained  from  the  well-known  — s —  formula,  aid  a  large 

and  varied  experience  in  fault-testing  has  convinced  me  that  this 
error  is  seldom,  if  ever,  accurately  eliminated  by  the  application 
of  any  of  these  correction  formulae.  During  the  last  few  years  I 
have  had  ample  opportunities  to  compare  the  results  from  Varley's 
Loop  Test,  and  other  methods,  with  those  obtained  in  a  manner 
somewhat  different  from  that  usually  employed,  and  the  superior 
results  invariably  obtained  from  this  mode  are,  I  hope,  adequate 
apology  for  its  publication,  the  more  so  as  I  have  never  seen  it 
employed  by  any  but  myself,  and  may,  therefore,  at  least  justly 
conclude  that  either  it  is  not  generally  known,  or  that  it  is  not 
sufficiently  appreciated. 

Instead,  then,  of  using  an  even  bridge,  I  have  found  it  con- 
venient to  employ  a  dividing  one  (usually  1,000  to  10),  in  order  to 
obtain  two  independent  results  by  reversing  the  ends  of  the  cable 
which  are  connected  with  the  two  ends  of  the  bridge  in  the  ordinary 
way  employed  in  the  loop  test. 

Let  r  and  r'  represent  respectively  the  resistances  unplugged 
in  the  resistance  box  when  equilibrium  is  established. 
R  =  total  resistance  of  cable  in  ohms. 

S  =  total  length  of  cable  in  knots. 

/» 
72,  =  —  the  ratio  of  the  divided,  or  proportionate,  coils,  c 

being  the  resistance  of  the  portion  between  one  pole  of 
the  battery  and  the  junction  J  of  one  end  of  the 
galvanometer  and  one  end  of  the  resistance  box. 


r  +  R 
«+    1 

'   +  E 

•    +   1 
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X  =  distance  of  the  fault  ia  ohms  from  that  end  of  the 
cable  which  is  attached  direct  to  the  end  of  the  divided 
coils  when  the  resistance  r  is  unplugged. 
y  =  distance  of  the  fault  in  ohms  from  the  other  end  of 
the  cable,  viz.,  that  attached  to  the  end  of  the  resistanoB 
box  in  the  same  experiment. 
After  reversing  the  cable,  when  the  resistance  r'  has  to  be 
unplugged,  x  will  now  be  the   resistance  from  the  end  of  tbe 
reBistance  box  up  to  the  fault,  and  y  the  resistance  from  the  end  of 
the  divided  coils  up  to  the  fault. 

Then 

and 

The  advantages  possessed  by  this  method  are  now  at  once 
obvious,  since  if  x  and  y  be  correct  their  sum  will  equal  R.  This 
will  he  the  case  very  nearly  if  the  resistance  of  the  fault  be  not 
excessive.  It  would  appear  also — and  my  observations  have  teaded 
to  prove  this — that  any  error  that  may  be  denoted  by  a;  +  y  —'R 
may  be  considerably  reduced,  if  not  entirely  eliminated,  by  calling 
respective  distances  in  knots 

rand^ 


This  will  give  a  sufficiently  accurate  result  where  the  insulation 
resistance  of  the  whole  cable  is  uniform  and  infinitely  superior  lo 
the  resistance  of  the  fault.  But  if  the  insulation  resistance  of  tLe 
whole  cable  be  low,  it  will  be  advisable  to  obtain  results  by  apply- 
ing to  X  and  y  the  customary  correction  formula  for  Varley's  Loep 
Test.  The  sum  of  these  revised  resistances  should  then  equal  R, 
otherwise  the  insulation  resistajice  of  the  whole  cable  ia  not  uniform. 
An  error  arisbg  from  this  cause  cannot,  of  course,  be  eliminated 
without  a  knowledge  of  the  insulation  resLstance  of  every  part  of 
the  cable,  which  is  next  to  a  practical  impossibility. 

The  superiority  of  this   method  is  also  particularly  markeJ 


ON  DETEBMIKINa  THE  POSITION  OF  A  FAULT,  &o.  461 

Inhere  a  small  resistance  indicates  a  considerable  length,  as  is  of 
course  the  case  with  a  large  conductor.  I  may  state,  in  conclusion, 
that  in  every  instance  that  I  have  employed  this  method  the  result 
has  been  correct,  while  the  results  from  other  methods  have  been 
more  or  less  at  fault.  In  one  case  the  resistance  of  the  fault  varied 
much  and  incessantly,  and  never  fell  below  120,000  ohms.  These 
facts  incline  me  to  think  that  exactitude  may  be  obtained  by  using 
this  system,  even  where  the  very  high  resistance  of  the  fault  will 
render  results  obtained  in  other  ways  at  best  only  approximate  to 
the  truth.  I  will  not  further  intrude  on  your  space  by  a  detailed 
comparison  of  results  which  might  be  deemed  superfluous. 
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p.  BXira»— THE  CAUSE  OF  ELECTEIC  EXCITATION  BY 
THE  CONTACT  OP  DISSIMILAB  METALS. 

{Annalen  der  FhyHk  wnd  ChemU,  B.  IX,,  E,  4,  No,  4, 1880,  pp.  591-613.) 

The  author  states  that  no  satisfactory  explanation  of  contact  electricity 
has  yet  been  advanced,  and  that  he  was  therefore  led  to  look  for  the  prodnction 
of  electricity,  not  in  the  contact  of  two  metals,  hut  in  previous  chemical  actions 
of  the  surrounding  media ;  and  he  comes  to  the  conclusion  that  the  so-called 
contact  electricity  is  produced  by  the  excitation  of  the  metals  in  contact  with 
the  oxygen  of  the  air,  in  the  same  way  as  electricity  is  evolved  by  the  excita- 
tion of  the  zinc  in  galvanic  cells.  By  a  kind  of  reasoning  he  arrives  at  the 
theoretical  conclusion  that  if  the  heat-value  of  the  Daniell's  cell  be  A  per 
chemical  equivalent,,  and  the  heat  of  combustion  of  the  zinc  be  B,  then  the 

potential  difference  between  zinc  and  platinum  is  equal  to  -^-r ;  or  if  the  metal 

connected  with  the  zinc  is  oxidised  in  the  air,  the  potential  difference  between 
the  metals  is  measured  by  half  the  difference  of  the  heats  of  combustion.  As 
Professor  Exner  considers  that  since  the  time  of  Kohlrausch  only  isolated 
and  untrustworthy  contact  experiments  have  been  made,  he  repeats,  himself, 
Kohlrausch's  original  experiments  on  the  E.M.F.  of  contact  of  zinc  and  platinum, 
copper  and  platinum,  and  iron  and  platinum,  using  Kohlrausch's  own  method, 
and  lie  obtains  results  which,  combined  with  J.  Thomsen's  determinations  of 
the  heats  of  combustion,  appear  to  prove  that  the  potential  difference  between 
two  metals  in  contact  is  really  measured  by  half  the  difference  of  the  heats  of 
combustion.  Professor  Exner  refers  to  Pfafifs  early  experiments,  which 
appeared  to  prove  that  the  contact  electro-motive  force  between  two  metals  was 
independent  of  the  gaseous  medium,  and  he  considers  that  De  la  Eive's 
subsequent  experiments  negatived  that  conclusion.  Professor  Exner  descrihes 
the  folloAving  experiment  of  his  own,  which  he  regards  as  proving  that  contact 
electricity  is  produced  by  the  gaseous  medium : — 

"  A  short  glass  cylinder  was  closed  air-tight  at  its  upper  end  with  a  plate 
of  silver,  which  did  not,  however,  touch  the  glass,  as  there  was  a  collar  of 
paraffin  wax.  The  bottom  of  the  vertical  glass  tube  was  closed  air-tight  with 
a  cork,  through  which  passed  two  small  glass  tubes  to  admit  the  gas  and  allow 
it  to  escape  by,  and  also  a  platinum  wire  well  insulated  by  paraffin  wax,  and  the 
inner  end  of  which  touched  the  silver  plate.  This  latter  was  only  for  making 
metallic  connection  with  the  condenser. 

"  A  second  silver  plate,  of  the  same  dimensions  as  the  first,  could  be  placed 
on  this  condenser  in  the  same  way  as  in  the  earlier  experiments. 

"Now^  if  the  condenser-plates  were  connected,  there  was  not  the  least 
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charge.  Bat  as  soon  &b  tbe  Interior  of  the  glasi  tube  was  filled  with  dry 
chlorine,  the  condenser  showed  at  once  a  considerahle  and  qnite  constant 
electro-motive  force." 

T!ie  author  concludes  by  refarringto  Mr.  Brown's  experimentB,  published 
in  the  Phil.  M^.,  also  tending  to  show  tha.t  the  so-called  contact  electricity  is 
the  result  of  chemical  action. 


[Anadlm  der  Fhytik  und  Chtmie,  B.  XZ,  3. 1,  So.  9, 1880,  pp.  133-loB.} 

This  is  a  coaticnatian  of  the  paper  of  which  an  abstract  has  been  already 

given  in  the  /our.  Bac.  Til.  Eng^  V.  IX„  Bo.  33,  ISeo,  p.  327,  and  the  author 

now  regrets  tliat  when  writing  his  first  pa.per  he  was  not  well  acqnainted  with 

the  beantiiW  experiments  of  Hankei,  as  was  also  the  case  with  the  experimentB 

of  Ayrton  and  Perry,  which  he  says  snrpaas  hia  own  in  exactness,  whilst  they 

give  additional  confirmation  to  bis  theory.    The  author  had  already  stated  that 

"  if  in  a  closed  chain  of  diflferent  materiala  the  smn  of  the  electric  differences  is 

not  zero,  then  a  galvanic  current  is  prodnced,"  and  he  proceeds  to  examine  such 

combinations.    He  refers  to  the  various  experiments  which  have  been  made  on 

the  conductivity  of  glass,  gutta  percha,  paraffin  wax,  ebonite,  reain,  alcohol,  &c., 

and  to  the  ^ct  that  the  distinctiou  between  conductors  and  non-conducturs  is 

de  of  degree,  and  not  one  of  kind.    He  objects  to  the  division  into  metallic 

juductore  and  electrolytic  conductors,  or  into  solid  and  liquid  conductors,  and 

Bitliows  that  we  can  arrange  all  bodies  in  a  series,  beginning  with  the  very 

mgly  dielectric  but  ill-conducting  airless  space,  and  ending  with  the  highly 

^dncting  silver.    After  discussing  the  n:iemberB  of  thia  series,  he  divides  them 

a  two  groups,  the  one  containing  those  substances  of  which  the  conductivity 

s  with  temperatnre,  and  the  other  bodies  of  which  the  conductivity 

Ls  the  temperature  rises,  and  in  reference  to  the  statements  at  the 

g  of  his  paper  he  concludes  that  "a  current  ia  always  produced  if  at 

le  link  of  the  closed  chain  is  a  dielectric  of  the  first  group."    Using  a 

T  which  showed  a  deflection  of  242  scale  divisions  with  one  mioro- 

1  current,  and  an  electrometer  with  which  a  deflection  of  SO  centimetres 

:a  produced  with  one  Eauiell's  cell,  as  well  as  a  Lippman's  capillary  electro- 

er,  he  measured  the  cuiTents  wMch  flowed  through  the  following  dielectrics 

a  kept  at  diKjrent  temperatures,  and  the  difference  of  potentials  at  the  two 

ta  of  the  dielectric: — stearic  acid,  paraffin,  spermacetti,  rape  oil,  resin,  wax, 

PphuT,  chalk,  lead  cMorlde,  dry  zinc  sulphate,  pulverised  copper  sulphate, 

md  carbon.    He  obtained  consiatent  results  agreeing  with  those  of  Jiiger, 

menberger  obtained  with  dry  piles,  and  with  these  obtained  by  Ayrton  and 

y  with  paraffin  wax,  reain,  ebonite,  g~utta  percha,  and  mica,  and  be  shows 

1  with  the  phenomena  observed  in  Babine's  selenium.wal 

platinum  cell,  and  with  these  occurring  in  any  two  fluid  voltaic  olemer 

From  the  consideration  that  the  E.M.F.  of  the  different  combinations  i^-wj 


r 
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qaite  ths  aame  u  the  electric  diS«reiice  of  zinc  and  copper,  be  draws  tht 
imporUat  conclusion  that  not  only  in  the  contact  ol  metals,  bat  also  of 
inralatorB  And  dielectrics  amoDgst  each  other,  there  are  certain  couitam. 
differencei  of  potential.  He  refers  to  tlie  experiments  of  J.  Thomijon  on  ili^ 
contacts  of  glasa,  vulcanite,  &c.,  and  the  friction  theories  of  BuffandHetmhaltz; 
und  he  refers  to  tte  great  diffioultieB  he  himself  met  with  when  attempting  bi 
measure  the  contact  charges  of  very  bad  conductors.  After  giving  his  resulla 
for  wax,  paraffin,  sealing  wax,  retin,  sujphur,  stearic  acid,  gutta  percba,  paper, 
and  glass,  he  shows  thut  the  t^ontact  difference  of  a  metal  with  a,  dielectric  is  of 
the  same  sign  as  that  obtained  with  slight  friction  or  pressure ;  great  friction, 
howeyer,  sometimes  produces  an  opposite  effect  which  he  attributes  to  inerewd 
of  temperature.  Oases,  he  finds,  seem  to  have  little  influence  on  the  production 
of  electricity. 

The  author  refers  here  to  his  thermal  theory  of  the  galvanic  current, 
described  in  the  former  abstract,  Jour.  Son.  Tel.  Eng.,  V.  IX.,  No,  33,  1880,  p. 
327,  and  he  proves  that  thermo-electTic  currents  and  Peltier  effects  are  produced 
in  the  bodies  referred  to  above.  He  now  proceeds  to  show  that  Olerk  Harwell's 
reasoning  tor  remanent  charge  in  a  compound  dielectric  may  be  applied  to* 
homogeneous  dielectric,  if  we  asuume  a  contact  difference  of  pocentials  between 
the  dielectric  and  the  metal  plate  ;  and  employing  his  thermal  theory,  and 
ttastiming  that  not  only  the  current  in  the  dielectric  is  equal  to  the  one  in  the 
eitemal  circuit,  but  also  that  the  el  ectricity  in  the  dielectric  is  changed  inli) 
heat,  which  is  reconverted  into  electricity  in  the  remanent  charge,  he  eonolutles 
that  neither  evaporation,  liquefaction,  osmose,  capillarity,  Ac,  need  be  regardeii 
M  Boarces  of  electricity,  and  that  in  every  caae  the  true  source  is  contact 
electricity.  He  discusses  the  production  of  electricity  by  chemical  action  sX 
some  length,  and  observes  that  neither  the  severe  attacks  nor  the  beautifal 
exjieriuients  of  Faraday  have  at  all  aliaken  the  contact  theorv,  and  that  accord- 
ing to  Exner  it  is  gaining  an  increasing  number  of  converts.  He  conslden 
Einer's  crucial  experiments,  and  shows,  by  referring  to  Ayrton  and  Perry^ 
experiments,  that  the  phenomenon  observed  hy  Exner  was  due  to  there  being* 
cell  of  silver,  silver  chloride  and  platinum,  or  that  Exner  merely  measured  tin 
contact  electro -motive  piece  of  silver  and  silver  chloride.  He  considers  that 
£xner's  second  experiment  speaks  as  strongly  against  Exner's  theory  as  the 
first  speaks  for  it ;  and  ha  points  out  that  Exner's  own  results  obtained  wiih 
zinc-platinum,  copper-platinum,  iron-platinum,  and  which  agree  so  well  witk 
Exner's  heat  theory,  are  quite  different  from  those  obtained  by  other  experi- 
menters, and  to  make  this  quite  evident  he  gives  the  following  table : — 


Koblrau-oh. 

HmkBl. 

Burn. 

AjrtOB  and  Fury 
(ISWf. 

Zn  1  Pt  ... 

0-984 

0'984 

0-881 

0-981 

Cu|Pt  ,.. 

0184 

O'lSl 

0-367 

0-238 

Pe  1  Pt  ... 

0'381 

0-313 

0-701 

0-369 

Professor  Hoorweg  concludes  that  the  only  source  of  electric 
n  contact. 


ABSTHACTa.  465 

BXNEU— THE  THEORY  OP  INCONSTANT  GALVANIC  CELLS. 
[AnnaUn  der  PhysiJc  und  Chtmie,  B.  X.,  B.  2,  No.  6,  1S80,  pp.  265-284.) 
The  author  states  that  the  urdinary  theory  of  polarisation  in  a  Smee's 
jlement  is  tmtenable,  because  polarisation  cau  only  take  place  when  re- 
Bomhination  of  the  products  of  deoompositioii  is  poBsible  without  the  ataorption 
it  energy.  The  chemical  action  ia  a  Smee's  cell  is  the  deoompoaition  of  water 
ind  the  formation  of  an  equivalent  of  zinc  sulphate,  which  gives  to  this  cell  a 
Sheoretical  E.M.P.  of  0732  Daniell ;  and  according  to  the  chemical  theory  no 
polarisation  can  occur,  seeing  that  the  decomposed  hydrogen  and  the  oxygen  in 
Qie  zinc  sulphate  cannot  recombine  witliout  a  consumption  of  energy,  so  that 
te>e  electro-motive  force  sliould  remain  constant  whatever  may  he  the  negative 
metal.  According  to  the  contact  theory,  however,  the  layer  of  hydrogen  covering 
Out  negative  metal  ought  to  reduce  the  effective  E.M.F.,  and  bo  give  rise  to 
[KjlaiTsatioii  as  is  usually  ohserved  in  Smee's  cells,  TMs  delusive  arg;ument  in 
Itivour  of  the  contact  theory  i«,  however,  found  to  disappear,  as  careful  cj^n- 
ments  made  by  the  anthor  show  that  the  EM.F.  of  a  Smee's  cell  commences 
irltib  a  higher  value  than  that  of  a  Daniell's  cell,  and  thatrwlieu  proper  means 
a  taken  for  preventing  the  zinc  sulphate  reaching  the  negative  metal 
g  E.U.F.  sinks  to  073  Baniell,  and  remains  constant  at  this  valne,  in- 
lependent  of  the  nature  of  the  negative  metal  and  of  the  time  the  cell  is 
Mosed.  The  author  enters  at  length  into  the  cause  of  the  primary  large  B.M.P. 
^  the  Smee's  cell,  and  shoiva  that  it  arises  from  tlie  oxygen  dissolved  in  the 
iqoid,  and  which  is  able  to  combine  with  the  zinc  without  the  absorption  of 
Bnergy  necessary  for  the  decomposition  of  the  equivalent  of  water.  The  effects 
bf  dissolved  gas  has  also  been  oTiserved  by  De  Fonville  and  others.  Before 
toscribing  his  own  experiments,  the  anthor  states  the  problem  to  be  solved  is  as 
Wlows  :— 

he  contact  theory  requires  that  the  E.M.F.  of  a  Smee's  element  should 
Wgia  with  a  value  073  of  a  Daniell's  cell,"  [this  is  derived  from  the  heat  of 
(bombnetion  of  zinc  in  oiygen,  the  combination  of  the  oxide  with  sulphuric 
IS  the  energy  required  for  the  deeomposition  of  an  equivalent  quantity 
#f  water]  "  and  then  sink  to  a  lower  value,  which  depends  on  the  amount  uf 
nolarisation,  that  is,  on  the  amount  of  resistance ;  and,  further,  tluit  it  depends 
a  the  nature  of  the  negative  plate.  The  cheminal  theory,  on  the  contrary, 
Wqnires  that  the  Smee's  element  should  first  have  an  E.M.P.  between  0  732  and 
a-lS  of  that  of  a  Daniell"  [215  is  derived  from  only  considering  the  heat  of 
oombuationof  zinc  with  Diygen  and  the  combination  of  the  oxide  with  lulphnric 
acid]  "and  that  this  value  should  fall  to  0732  of  a  Daniell,  and  then  remain 
perfectly  constant,  no  matter  what  be  the  metal  forming  the  negative  plate,  as 
long  as  it  does  not  give  rise  to  chemical  cbanges.  Further,  the  value  O'TSS  of  a 
Daniell  mnst  also  depend  on  the  resistance  of  the  element." 

He  employed  a  cell  in  which  deposition  of  the  zinc  on  the  negative  plate 
IS  rendered  impossible  by  having  the  plates  in  separate  vessels  connected  with 
It  glass  tube  drawn  ont  to  a  fine  point,  and  be  found  that  tbe  primary  £.U.F. 
(was  I'lS  that  of  a  Daniell's  cell,  and  that  it  diminished  after  a  current  produced 
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liy  slioit -circuiting  has  deposited  hydrogen  on  the  platinum  plate;  alsj  iliat, 
whatever  waa  the  negatiTB  plate,  there  waa  the  same  working  electrojiioti™ 
force.  "The  preceding  reaolts,"  he  ooucludesj  "  connect  themselveB  intunatelj 
with  the  consequences  of  the  chemical  theory;  they  contradict  entirely  the 
contact  theory," 


W.  BEETZ— ON   THE   NATUBB    OF   GALTAi'lC   POLABISATIOK. 
(AnnaUn  dgr  Flmsik  unJ  Chemie,  B.  £,  H.  3,  ^o.  7,  IS80,  pp.  3iS-3710 

The  quadrant  eleetrometer  enables  certain  old  and  well-known  sinii 
experijnentB  to  be  mora  aecuratfly  performed,  and  Esner'a  work  doting  lu 
year  has  been  of  this  kind.  Wiedemann's  liehrhuch  gives  a  complete  a 
count  of  what  waa  known  till  lately  of  the  E.M.  forces  of  cells  as  dependij 
on  beats  of  combustion.  Mr,  Einer's  results  are  welcome,  and  he  is  wrong  tt 
suppose  that  they  contradict  the  theory  held  until  now.  The  author  qnoti 
from  former  papers  of  his  own,  and  mentions  Schoubein  {Pigg-  Aim.  1831 
pointing  out  that  Ezner's  views  about  polarissitiun  are  already  well  k 
that  the  author  thirty  years  ago,  and  more  lately  Crova,  Bosscha,  and  o 
pointed  out,  as  Exnev  now  does,  the  influence  of  the  formation  of  hydrogfl 
suboxide,  attidbatiug  the  different  results  of  different  observers  to  imperial 
observation  of  the  minor  circumstances  of  electrolysis,  size  of  plates  and  1 
forth,  and  the  influence  of  the  amount  of  the  decomposing  E.U.F.  Crova,  i 
18G3,  said ;  '■  As  long  as  the  E.M.F.  of  the  cell  producing  the  current*  ia  U| 
than  a  certain  limit,  the  fiaa!  E.M.F.  of  the  polarisation  ia  eqnaJ  to  that  ot  t] 
cell,  and  increaaea  with  it  from  zero  to  this  limit.  If  the  E.M.P.  t 
this  limit,  then  the  production  of  gaa  begins  on  the  surface  of  the  plata 
Crova  also  gives  Exner's  statement,  that  if  one  part  of  a  closed  chain  i 
substances  is  an  electrolyte,  this  becomes  decompo.sed  as  soon  e 
becomes  active  in  the  chain.  This  statement  has  generally  been  r-eceivedi 
correct,  but  it  i-eqaired  Einer's  confirmation.  The  author  now  proceeds  ' 
deacribe  at  great  length  his  ex]>erimentti,  the  results  of  which  show  that  ti 
whole  polarisation  is  due  to  the  sum  of  the  separate  effects  at  the  ti 
electrodes,  a  theory  opposed  by  Exner,  who  thinks  tliat  hydrogen  on  a 
platinum  plate  has  no  polarisation  effect  unless  tliere  ia  osygen  in  the  liqui 
or  on  the  other  platinum  plate  with  wliich  it  can  combine,  and  Beetz  satisfi 
himself  tltat  in  disproving  Exner  he  has  taken  as  great  care  as  it  is  possible ' 
take  in  the  removal  of  gases  from  the  plates  and  liquids. 

The  author  now  goes  on  to  consider  the  differences  between  Exner  a 
himself  as  to  the  polarisation  in  the  simple  cell.  Exner  says  that  the  tn 
EJtt.F.  of  a  zinc-platinnm  dilute  sulphuric  acid  cell  is  0-73  DanieU,  and  th 
the  high  primary  EJM.P.  which  is  observed  is  due  to  oxygen  in  the  liquid  ai 
on  the  platininn  plate.  The  other  view  is  that  the  primary  E.M.F.  ia  the  tr 
one,  which  is  diminished  by  the  production  of  hydrogen,  Beetz  gives  tl 
results  of  hia  experiments  made  31  years  ago,  to  show  that  Eiaer'a  view 
really  the  game  as  the  other. 
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experiments  with  otier  negative  plates  than  platinum  do  not  confirm 
thoBB  of  Exner,  who  found  with  a  copper  plate  the  same  E.M.F.  as  with  a 
platinum  plate.  Seetz  ia  snre  that  in  his  experiments  no  zinc  was  deposited 
on  the  negative  plate  duriog  the  three  minntes'  closure.  He  givea  the  following 
SM.  forces  in  terms  of  a  Baniell : — 


iliese  nimibei's  conflrm  the  !aw  of  the  tension  series  extended  to  combinations 
«rf  metals  iiud  fluids.  The  differences  between  the  EJiL  forces  of  a  closed 
lodium-platinum  and  a  closed  sodium-zinc  element  is  so  great,  that  one 
lannot  conceive  an  accidental  reason  for  the  change.  The  author  then  proceeds 
o  consider  whether,  when  nine  is  the  negative  plate,  it  does  not  osidise  like 
be  sodium,  but  this  is  not  the  case;  and  he  says  that  he  ia  qttite  unable  to 
explain  the  great  differences  which  ha  has  observed  with  different  negative 
■netals.  He  describes  at  some  length  his  experiments,  which,  he  says,  contradict, 
tecidedly  Esner"*  views  of  polarisation,  and  he  maintains  the  tmth  of  the  com- 
pionly  undersMod  theory  of  polarisation,,  inasmuch  as  researches  such  as  that 
if  KohLrauBch  on  the  E.M.P.  of  very  thin  layers  of  gas  have  led  to  results  which 
*  well  with  experience.  The  author  says  that  it  is  very  wrong  with  our 
ent  information  to  begin  again  the  quarrel  of  the  chemical  and  contact 
riee.  Even  if  Exner  esplains  Tolta's  experiments,  the  fundamental  ideas  of 
le  origin  of  the  current  held  since  the  tijue  of  Ohm  wiU  not  he  destroyed,  they 
Will  only  be  explained }  "  only  I  cannot  agree  that  the  material  which  is  before 
B  sufficient  in  order  to  represent  the  known  phenomena  of  galvanism  so 
Jlimply  as  purely  chemical  pi-ocessea." 


W.  S.  ATHTOIT  AJID  JOHN  PESBT— NOTE  ON  PR0PE8S0E 

ESNER'S  PAPEES  ON  CONTACT  ELEOTEICITT. 

(^Fhilosophiail  Magazine,  Vol.  TJ.,  No.  66, 1881,  pp.  43-M.) 

The  authors  refer  to  Professor  Exner's  papers,  abstracts  of  which  precede 

BUs,  and  they  show  that  Exner's  calcQlELtiou  of  the  observed  contact  E.M.F. 

the  heats  of  combustion  have  nothing  in  common  with  the  calculations 
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of  tlie  EJLF.  of  celts  made  in  1851  by  Sir  'William  Thomson  from  their 
mechanical  effect*.  TUey  prove  that  Profeesor  Emer's  hypotheFisthat 
of  zinc  through  oxidiaicg  in  the  air  has  a  potential  -f-  E,  and  the  oxidiaeil' 
]ajer,  or  rather  the  layer  of  air  which  is  in  contact  with  it,  haa  on  the  contrary 
a  potential  +  E,  so  that  the  potential  difference  is  eqnaJ  to  3  E,  which 
jnaasarei]  by  the  heat  of  corabustioo  of  the  zinc,"  does  not  mean  either  thiit 
there  is  a  constant  difference  of  potential  2  E,  in  accordance  with  the  modem 
mathematical  lanBuage  of  electricity,  nor  does  the  above  etatement  mean  that 
there  are  deflni1«  charges  of  electricity  +  E  and  —  E ;  and  they  show  that 
Professor  Exner's  a  priori  conclusion  that  the  potential  di^rence  between  two 
metals  in  contact  in  measured  by  half  the  difference  of  the  heats  uf  combustiun, 
although  apparently  based  on  reasoning  from  first  principles,  is  in  reahty 
tdmply  an  assamption  which  Profeesor  Exner  has  chosen  to  make,  and  wbioli 
could  not  have  been  arrived  at  by  logical  deductions  from  the  known  laws  of 
electricity.  They  next  consider  how  far  Professor  Esner's  experiments  on  the 
B.U.F.  of  contact  of  zinc  and  platinum,  copper  and  platinum,  and  iron  and 
platinnm,  made  with  Kolraasch's  original  method,  and  which,  when  combined 
with  J.  Thomsen's  hejils  of  combustion,  appear  to  substantiate  in  a,  marted 
way  Professor  Exner's  theorj',  can  be  regarded,  as  an  experimental  proof  of  this 
theory,  which  otherwise  would  be  without  proof;  and  they  draw  attention  to 
the  table  given  in  Professor  Hoorweg's  paper  on  the  "Heat  Theory  of  the  Pro- 
duction of  Electricity  "  (an  abstract  of  which  also  precedes  this),  which  show? 
that  these  restdts  of  Professor  Exner'ii,  which  accord  so  well  with  the  ntunbers 
required  by  his  theory,  are  in  discord  with  those  obtained  byKolraasch.Hanhel, 
and  themselvei,  which  latter  agree  fairly  well  among  one  another,  considering 
that  these  experimenters  used  different  methods  in  their  investigations,  and 
necessarily  different  specimens  of  the  metals  experimented  on. 

With  reference  to  the  second  of  Professor  Exner's  papers,  abstracted  in  this 
mamber  of  the  Jour,  of  thi  8oc.  of  Tel.  Sng.,  they  think  that  the  ideas  contained 
in  it  are  based  on  some  misconception  of  the  contact  theory  of  electricity.  They 
point  out  that  Professor  Exaer  is  mistaken  in  stating  that  "  the  contact  theory 
requires  that  the  E.U.F.  of  a  Smee's  cell  should  begin  with  a  value  0'73  that  of  a. 
Daniell's  cell,"  and  they  observe  that  what  the  sutnnMrfion  law  of  the  contact 
theory  states  is  that  the  E.M.F,  of  a.  complete  cell  is  equal  to  tiie  algebraical 
Bimi  of  all  the  differences  of  potential,  each  measured  separately  at  the  separate 
contacts  of  metala  with  any  layer  of  gas  on  them,  gaa  with  liquid,  one  liquid 
with  another,  &c,,  and  that  when  this  law  is  applied  to  the  restdts  of  their  own 
contact  experiments  it  gives  a  value  cf  about  1-270  volts  as  the  primary  E.M.F. 
of  a  Daniell's  cell.  They  quote  fully  from  Sir  "Wm.  Thomson's  paper  of  1851  to 
show  that  he  quite  anticipated  Professor  Exner  in  all  that  he  says  about  the 
effect  of  dissolved  gas  on  the  liquid  cansing  the  Smee's  cell  to  have  an  initial 
E.M.F.  greater  than  that  of  a  Daniell's  cell ;  and  they  prove  that  Professor 
Exner  is  quite  wrong  in  thinking  the  contact  theory  requires  that  the  Teorking 
E.M.F.  of  a  Smee's  cell  must  necessarily  depend  on  the  negative  metal,  for  thpy 
observe  that  when  the  negative  plate  becomei  sufficiently  coated  with  hydrogen 
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the  contact  between  the  then  condncting  layer  of  gas  and  the  metal  is  almost 
like  that  of  a,  pair  of  metals,  so  tJiat 

H  [  l?t  +  Ft  I  Zn  =  H  [  Ca  +  Cu  I  Zn 
■IV  any  negative  metal  would  eventually  act  like  a  conducting  iydti^en  plate. 

The  authors  point  out  tliat  between  the  contact  theory,  as  properly  under- 
stood, and  the  chemical  theory  there  ia  nothing  antagonistic,  that  the  E.M.F. 
in  any  circuit  can  be  calculated  either  on  the  contact  theory,  if  we  know  each 
of  oZI  the  differences  of  potential  at  the  varioua  surfaces  of  separation  of  dis. 
similar  substances  (solid,  liquid,  or  gaseous)  in  the  circuit;  or  it  may  be 
calculated  on  the  chemical  theory  if  we  know  exactly  what  are  all  tlie  phyajcal 
and  chemical  changes  taking  place,  and  the  heat  equivalent  of  every  one  of 
them,  and  that  the  amount  of  the  E.M.F.  determined  in  either  of  these  two 
ways  must  be  identical.  They  show,  howcTer,  that  as  measurementa  with  an 
electrometer  are  far  more  aenaitive  than  those  made  wiUi  a  chemical  balance, 
tJie  contact  method  of  determining  an  eleotro-motire  force  is  probably  far  more 
delicate  than  the  chemical  one. 


P.   aUTHBIE  AMD  C.   T.    BOYS— ON  MAQNETO-ELECTBO 
INDUCTION.    PiBT  n.— CONDUCTIVITX  OF  LIQUIDS. 
I  {Philosophical  Hagaxine,  Vol.  X.,  No.  63,  ]880,M>.  328-337.) 

I  A  conductor  in  a  moving  magnetic  fleld  is  urged  to  move  by  a  force  varying 
as  the  product  of  the  conductivity  into  the  relative  sjieeJ,  so  that  by  observing 
the  torsion  of  a  wire  supporting  successively  different  substances  of  the  same 
form  and  size  in  a  revolving  magnetic  Held,  a  measure  of  their  relative  condnc. 
r  ivity  may  be  obtained.  This  method  seemed  specially  applicable  to  electrolytes, 
owing  to  the  absence  of  electrodes,  electrolysis,  and  xKilarisation.  The  apparatus 
employed  consisted  of  a  glass  shade  containing  one  litre  of  liquid  suspended  by 
ebonite  strips  to  a  horizontal  boxwood  beam,  which  was  hung  to  a  long  thin 
.-li/el  wire.  Completely  surrounding  the  vertical  circular  aides  of  the  vessel  is  a 
I  'werful  magnet,  consiating  of  24  semicircular  bars;  a  remarkably  uniform 
!i>  Id  of  force  through  the  liquid  is  produced.  The  magnet  is  fixed  to  the  top  of 
L  vertical  (teel  shaft  beneath  the  vessel,  and.  the  shaft  (and  with  it  the  magnet) 
ia  made  to  revolve  with  great  rapidity  by  a,  band  driven  by  steam  power.  To 
protect  the  glass  vessel,  etc.,  from  the  whirlwind  caused  by  the  revolving 
magnet,  a  screen  is  interposed  between  them  and  the  magnet.  The  speed  of 
the  latter  is  measured  by  the  number  of  turns  per  second  aa  indicated  by  a 
wheel  turning  once  for  10,000  of  the  magnet,  and  a  bell  striking  at  every  100th 
turn.  When  the  magnet  is  revolving  rapidly,  say  8,000  turns  per  minute,  the 
liquid  eiperiences  a  force  tending  to  turn  it  with  the  vessel  in  the  same  direc- 
Ivjn,  but  the  vessel  comes  to  rest  from  the  torsion  of  the  wire,  and  the  motion 
<il  the  liquid  is  checked  by  the  friction  between  its  cylindrical  layers,  and 
between  it  and  the  glass,  so  that  its  actual  revolving  motion  is  very  slow, 
giving  rise  to  no  appreciable  error  (only  1  in  10,000),  and  the  friction  is. 
balanced  by  the  torsion  of  the  roapending  wire,  so  that  the  deflection  of  the 
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v«c9el  ia  a  meaiure  of  the  force  between  the  magnet  and  the  liquid,  and 
lierefore  of  its  conduotivHy.  Tlie  deflection  ia  obsenfed  by  a  microscup: 
directed  Unrards  a  scale  fixed  to  the  TesseL 

The  practical  difflcultiea  appear  to  have  been  considerable,  and  ai 
from  the  variation  of  ateam  presaure,  and  trom  the  irapoasibility  of  finding  the   ■ 
zero  of  the  acale,  owing  to  tlie  position  of  equillbritun  of  the  veasel  being  di 
terent  for  different  positions  of  the  magnet  when  at  reat.    It  was  theretore  ] 
necessary' t^  make  observations  of  the  deflections  at  diflerent  speeds,  togetlicr 
-with  an  observation  when  a  difo  of  brasa  was  suspended  from  the  boswmi'i 
beam,  and  combine  them  bo  aa  to  eliminate  the  unknown  factara.    The  on}) 
substances  experimented  on  were  sulphuric  acid  and  aulpliat«  of  copper,  tbe 
results  for  which  are  given.    The  i-i  induct ivity  curve  for  the  fonner  agned 
substantially  with  Kohlrausch's,  who  used  alternating  currents.      There  ii 
sharper  rise  to  and  tall  from  the  flrat  maximum,  otherwise  the  position  of  t 
two  maxima,  of  the  minimum,  and  of  the  point  of  contrary  flexure  agreed  m< 
perfectly. 
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JULIUS  THOMSBM— THE  CHEMICAL  ENERGY  AND  THE  ELECTED. 
MOTIVE  EOH.CE  OF  DIFFERENT  GALVANIC  D0MBLNATI0K8. 
(^nnaisn  d«T  Pkyaik  und  Chwiie,  B.  XI^  H.  2,  Ho.  10, 1830,  fp.  346-269}. 

It  has  hitherto  been  difficult  to  determine  whether  the  whole  or  only* 
portion  of  the  energy  produced  by  chemical  action  is  converted  into  eleciricilj 
for  want  of  aufflciently  accurate  measurements  of  the  heat  corresponding  witli 
the  chemical  reactiona.    The  author  ia  now  able  to  solve  this  problem,  using  hi* 
recently  thermo-chemical  I'esults.    7'he  first  condition  that  all  chemical  energj 
can  be  converted  into  electricity  is  tJiat  no  chemical  action  moat  take  place 
when  the  circuit  is  broken,  a  condition  realised  in  the  so-called  constant 
batteriea.    Tho  current  from  a  Daniell's  cell  wjis  made  to  pass  througli  s 
calorimeter  containing  four  platinum  Bpitsla,and  the  quantity  of  heat  producei! 
by  the  current  measured,  the  current  itself  being  also  measured  on  a  ein^ 
galvanometer,  the  absolute  value  of  the  deflection*  of  which  were  known  liy  ■ 
previous  oompariaon  hii^-ing  been  made  with  the  corresponding  qnantities  il 
gas  given  off  in  a  voltameter,    Tlie  resistance  of  the  Daniell's  cell  was  alto  J 
determined  lo  that  the  total  quantity  of  galvanic  heat  produced  in  a  given   I 
time  could  be  calculated.    Knowing  the  absolute  value  of  the  current  flowing     i 
during  this  time,  the  amount  of   chemical   decomposition  going  on  In  the 
Daniell's  cell  could  be  calculated,  and  its  heat  enuivalent  determined  from  t: 
author's  recent  experiments  on  the  beats  of  combustion.    And  it  -waa  fou: 
that  in  the  case  of  a  Daniell's  cell  the  galvanic  heat  or  heat  generated  by  !!■ 
current  flowing  through  reaiatance  was  practically  equal  to  the  whole  of  r!. 
heat  that  would  have  been  produced  by  the  chemical  deoompoaition  in  the  ■  i  ; 
had  the  chemical  reactions  taken  place  without  prodnotion  of  electricity,  ili- 
two  numjiers  being  60,^2  in  the  first  caae  and  50,130  ia  the  second,  or  practi- 
cally the  whole  of  the  chemical  energy  in  this  case  is  converted  into  heat. 


The  aathor  nert  oompares  the  chemical  energy  and  the  E.M.F.  of  diflererit 
galvaniD  eombinatioiis,  and  the  resultB  are  ahowu  in  the  following  table : — 


Is 


,  J  Sulphuric  acid  ... 
J  Sulphate  of  copper 
■-Copper    

„  jSiilphuric  acid  ... 
;  Snlphntc  of  Cadmiimi 
^Cadmium 

o  'Hydrochloric  acid 


.  'suiphnricacid 
) Nitric  acid  hydrate 
"•Carbon   ., 


-  jSulphuric  acid  ... 
/Dilute  nitric  acid.,. 
'-Carbon 

g  )  Sulphuric  acid     .. 
JChromio  acid 
'-Tlarlhin 


c ..    

_  J  Sulphuric  acid 


'Copper    ... 

Sulphuric  a 
J  Nitric  acid  hydrate  ' 
"-Carhon 


(Zinc        

S  J  Sulphuric  acid 
'-Platinum 


+  (Zn,  0,SOaAq) 

—  (Cu,  0,  SOj  Aq) 
+  [;Zu,0,a03Aq) 

—  (Ca,0,  80,  Aq) 
+  (Zu,Cl,.Aq)  ... 
-(Aq^Cls)  ... 
+  (Zn,0,80jAq) 

—  (Nj  O,,  O,  Ha  0) 
+  (Zu,  O,  SOs  Aq) 
-i(N,0,,Oa.7HaO) 
+  (Zd,  O,  SOa  Aq) 

—  J  (Cus  Oa,  O,,  Aq) 
+  (Cu,0,S03Aji) 

—  (NjOj.  O.HjO) 
+  (Fe2,  Cls,  Aq).,. 

—  (Fej  CI,  AqCls) 
+  (Zn,  0,803  Aq) 
-(Hi,  0)      


+106,090'^.  \ 
—  55,S60c  ( 
f  106,090=-  i 


i8,7e0c- 

+ioe,o! 

—  10,010°- 
+106,090  <'■ 


6,S0Ot 
+  55,960 
10,010 
+  99,9, 
—  55,5: 
+106,090a 


Lastly,  the  author  compares  the  calculated  E.M.F  with  the  w 
motive  force,  and  the  amount  of  accordance  of  the  numhera  give 


I  eleotru- 
1  the  last 
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two  colnmnB  of  the  fallowing  table  showj  what  proportion  o/  tie  total  eDergj-    ^ 
of  the  Mil  i»  converted  into  electricity.  i 


ChemlcUBnergj. 

BJO. 

AtuolDtg. 

B«lMiT» 

,  JZn— Hi  SOi  + 100  Hj  01 

'  "JCu— ocnc.  Cu  80.  Ay      i 

„  (Zn— H,  BO.  Aq               1 

^  "(Ud— cone.  CJ  80.  Aq     J  -         

,  (Zn— H  CI  Aq) 

«tAg_AgCl     J-          

,   (Zn— Hj  S0<  +  100  Hg  0) 

*  (C— HNOa                          y             

,   (Zn— H,SO.  +  100HaO> 

^  1C— HKOa  4- ?  Hi  0        )              

„  (Cu— Hj  SOi  +  100  Hi  0) 

**  1C-Cr  Oj,  SO,  Aq           ;            

_  (Zn— HsBOi  +  lOOHiOt 

'  "(C— HNOs                          f              

,.    ICn— H,  BO,  +  100  H,  0) 

'''-(C-HNOs  +  tH.O        f             

.  (Fe_FeCl,Aq) 

^IC-FeiCI.Aq;       

50,130 
16,590 
51,080 
96,080 
82,810 
99,790 
45,950 
32,680 
44,130 

I 
0-33 

1-08 
1-93 
165 
1-99 
0-92 
0-65 
089 

1 
0-33 

I-06S 

I'se 

169 
18E 

0-E8 
0-73 
O-90 

r.  H.  LONQ- THE  ELECTRIC  CONDUCTIVITY  OF  BOLUTIONB 

or  SALTS. 

(Am«a!en  c(ar  Pftyatt  kto!  Cftemie,  B.  XI.,  B.  1,  Wo.  9,  1880,  jy.  37.46.) 


Q  of  the  researches  of  Kohlrausch  (Wied.  Ann.  6.,  p.  1,  ISTS', 
jUr.  Long  gives  t^e  resalte  of  a  number  of  experimenta  he  has  made  on  li 
electric  conductivity  of  the  solutions  of  various  salts.  Fc>r  measuring  ;;■ 
resistances,  'Six.  Long  used  Kohlrausch  Wheatstone's  bridge  method,  replaciii^'. 
however,  the  galvanometer  with  a  teleplione.  TTie  author  gives  tables  fur 
Mn  Cla,  ZnCl,,  CuNiOj,  BrNaOaamt  Fb  Ks  Ob  allowing  ths  quantity  of  «al I  i" 
the  solution,  the  specific  gravity  of  the  latter,  the  temperature,  the  conductivitj 
and  the  constants  in  the  formula  tj  ^  *o  (1  X  " '  X  |3t*  )  for  calculating  ih> 
conductivity  of  the  same  solution  at  other  teraperaturee.  In  the  followiEg 
table  the  tliird  column  gives  the  number  of  molectdes  set  frte,  calenlated  frvin 

the  formula  m  —  1000  ~r,  where  p  ia  the  weight  of  the  electrolyte  contained 
in  the  unit  of  weight  of  the  solution,  <  the  specific  gravity  of  the  solution,  aPil 
A  the  weight  of  the  electro-chemicaJ  equivalent  of  the  substance  set  free.  The 
fourth  column  gives  the  conductivity  at  IS°  C,  and  the  fifth  the  iucreaaa  of  the 
conductivity  for  1°  C.  in  the  neighbourhood  of  21°  in  terms  of  that  at  18°, 


E 

ABSTRACT. 

473 

Per 
Ctent. 

Bpecific 

Gravity  at 

18°  C. 

Number  of 
Molecules 
1,000  X  ™. 

loV^s 

e 

I'OiSG 

830 

Cl, 

492 

00210 

10 

108B5 

1,729 

790 

0-0206 

16 

11378 

2,709 

987 

00202 

30 

11900 

3,778 

1,061 

0-0206 

as 

12472 

4,949 

1,020 

0-0203 

28 

1-2828 

5,701 

950 

0-0208 

2-5 

1'021 

Zn 
376 

Cli 

258 

0-0213 

6 

1018 

771 

462 

0-0192 

10 

1'094 

1,609 

6S0 

0-0165 

20 

1'190 

B,600 

853 

"       0-0156 

30 

1-299 

6,7B1 

866 

00172 

40 
SO 

1'423 
1-570 

8,371 
11,640 

790 
589 

0-0198 
0-0233 

'60 

1-746 

15,406 

315 

00307 

5 

1-043 

CuNj 
556 

0, 

341 

0-0231 

10 

1-069 

1,162 

595 

0-0215 

15 

1-139 

1,822 

803 

0-0305 

20 

1193 

2,646 

951 

00205 

26 

1248 

3,328 

1,019 

0-0216 

36 

1377 

5,141 

993 

00237 

5 

1-0418 

BrNa 
492 

0. 

289 

0-0225 

10 

1-0857 

1,026 

493 

0-0325 

IS 

1-1818 

1,605 

645 

0-0227 

20 

1-1815 

2,234 

750 

0-0228 

26 

1-2363 

2.922 

810 

00226 

35 

1-3512 

4,481 

806 

0-0241 

5 

1-0449 

Pb  Nk 
316 

0. 

179 

0-0238 

10 

1-0937 

661 

301 

002SI 

IS 

1-1467 

1,039 

401 

0-0351 

20 

1-2043 

1,455 

487 

0-0250 

35 

1-2G7B 

19,16 

5S1 

0-0352 

30 

1-3358 

2,421 

625 

0-0257 

The  author 

has  alao  tried  the  20  per  cent.  Zn  CI,  aolntion  with  KoWra 

osch 

knd  Orotian'B 

lynamometer  method,  and  ohtained  the  result                                         H 

k,  =  591  [1  X  O'02G7  t  —  0-D00D69  i<).                                               H 
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On  comparing  his  resolts  with  those  of  Lenz  for  Zn  Gls  and  with  those  of  Frennd 
for  Cu  Ks  Oe  he  finds  considerable  discrepancies  which  he  attributes  to  mistakes 
in  the  previoas  investigations  of  these  experimenters.  A  graphical  representa- 
tion of  the  connection  existing  between  m,  as  calculated  from  m  «  1000  ^,  and 

A* 
the  corresponding  values  of  lO^  Tci^  and  of  -#=-  for  the  various  salts  used  is 

appended  to  the  paper. 


P.  NABB— THE  BEHAVIOUR  OP  ELECTRICITY  IN  GASES 

ESPECIALLY  WHEN  RAREFIED. 

(^Annalen  der  Physih  und  CTiemie,  B.  XT.,  H.  1.,  No,  9,  1880,  jjp.  155-163.) 

A  hollow  brass  ball  of  internal  diameter  of  16  centimetres  had  a  tapered 
hole  in  it  3'6  centimetres  in  diameter.  This  was  closed  tightly  with  a  well- 
fitting  plug,  through  which  passed  a  platinum  wire  well  insulated  from  the 
plug,  and  supporting  a  small  metal  ball  in  the  centre  of  the  hollow  one.  The 
other  end  of  this  wire  was  attached  to  a  sine  electrometer,  and  the  outer  ball 
rested  on  a  green  glass  cylinder,  which  the  author  states  was  well  insulated. 
The  small  ball,  wire,  and  sine  electrometer  were  then  charged,  after  the  gas, 
consisting  either  of  air,  hydrogen,  or  carbonic  acid,  had  been  pumped  out  of  the 
hollow  ball  with  a  mercury  pump,  and  it  was  found  that  on  connecting  the 
latter  with  the  earth  the  charge  in  the  small  interior  ball  disappeared.  If  the 
liollow  ball,  however,  were  insulated,  the  charged  leaked  away  exactly  as  if  the 
space  were  filled  with  gas.  The  author  gives  values  for  Qo  and  p  in  the  formula 
Q  =  Qo  c— P'  for  insulated  vacua  formed  from  air,  hydrogen,  and  carbonic  acid. 
If  the  space  were  filled  with  gas,  then  little  change  was  produced  in  the 
cliarge  of  the  small  ball  when  the  large  ball  was  connected  with  the  earth, 
or  not,  provided  it  was  connected  also  at  the  moment  of  charging  the  small 
one.  The  author  states  that  the  phenomena  observed  with  the  vacuum  were 
not  due  to  mere  surface  leakage  between  the  platinum  wire  and  the  outer  ball. 
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